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SI S N A K Y

( m ; m n m i r ’ i -  tall y ava I labi t’ I m i t  I I I ’ m i & ’ t t i - I o n s  I n ; i v e  be en o v ; i l u ; i t i - i !  f o r
l i P ! l e m i t  t o i l  to  m i t  r t i l t  atru t’tu rmul fleet n t t o n i t o r i n g  by t b -  on goin g A—3 7

AS II’ i n ’ or.unIis. O W’  I i n a l  full— scale wing mind cin rry—t hi ru f a t i gue t i - - m t  , i nd
50.0 n I t  o p c r . u t  lot al A— 17 I i - I d  mi m i -raft have been instrumented with Sicro—
Mt ’; - ; i r n m e n t  -S fa ti gue sensors arid r e s I n o t l s c  e v u l o t a t e d  i n  terms of stru ct m d

it 1gm ’ aevi- r i t v .

I l i t -si ’ jnst,il lot ions w o n ’  niade prior to the availabilit y i l l  the
eurr i rut ly used ;Iatmi an ;ulvsis methods (SeC Reft ’rn -nt- e 1), and were d e s i gn e d
i nlv I r I ;;. -vi t v and ;mdt-ij u mtt e response. The results , therefor e , cons  1st

o n ly  1 nt -I ,mt i Vt ver  j t  v i nd i cmu t t ons  • None t h e  less , the b ;m s ic program
- -bjt-c t iv~- of evaluating reliability , longivity , and fea sibil i ty of
a p p l i c a t i o n  in opera t ional  a i r c r a f t  has been me t .

F a t i gue s e n s o r  response  f rom t h e  f a t i gue tes t  was contpa r ed t i
f i e l d  a i r c r a f t  r e sponse  f o r  d e v e l o p m e n t  of s eve r i ty  of usage t r e n d s .  These
t r t -nd s  w o r n - c o m p a n t - J  to measured  s t r a i n  h i s t o ry / f a t i g u e  damage da t a  f r o m
t h e  m e c l i a n i n m i l s t r a i n  gage . Comparisons indicate fa tigue sensor
rt ’sl ( n ; ; r -  t rend s are compatible and c o n s i s t e n t  w i t h  measured  s t r a i n  h i s to ry!
t a t  i g i l i . n l , i i 1 I , i g t ’  trends for both the full scale test and operational field
- ii r c r a f t .

I l i e  f a t i gue sen so r ap p l i c a t i o n  to a i r c r a f t  s t r u c t u r a l  fleet
r o t m i t o r i n g  shows promise  ( t h i s  promise  is f u r t h e r  amp l i f i e d  in R e f e r e n c e  1).
F ; i t i g t t - sensor s t r u c t u r a l  usage t r e n d s  have been compatible with other
- i v aj l i I , l e  f l e e t  m o n i t o r i n g  da t a , and f i e l d  a i r c r a f t  i n s t r u m e n t a t i o n  and
long te rm da t a  c o l l e c t i o n  have been accomp l ished w i t h  m i n i m u m  a i r c r a f t

! - ,,‘~~~i me/ u s cr  i m p a c t .

RECO~’Th1ENDAT iONS

I .  I n s t a l l  f a t i gue sensors s u i t a b l e  fo r  the da ta  anal y s i s  methods  of
Refi -r & ’ti co 1 on ml sample of FSA1-’ Continental United States ’ aircraft ,
preferabl y aircraft with operative Lift’ History Recorder and/or
Mechanical Strain Recorder installations. A pp ly the data analysis
meth ods and compare r e s u l t s  w i t h  L i f e  H i s t o r y  Recorder  and N le e h a n i c a l
Stra in Recorder results f o r  f l u ’  Id ver i f i c a t i o n  and a p p l i c a t i o n
refinement. 

-

Reference I. — “A—37B Fati gue Sensor Data Analysis Methodology Program”,
Aeronautical Systems Division ‘fechnical Report ASD—TR—75-42 . October 1975.
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2. Instrument i - at - i t  new p r O - ’ -  1 I i i  ;iir i - r mil t w i l l  fat i gu - st ’tm ~ ors s- l i - - t - ~
or  I ite It ’ rio non ito r I mg Tit is  Ia t ci mu I K ho m m  a i d  t - a Id i n  t l i t ’

disposi t i o n  of  f u t u r e ’  s t t R - t t I r m u l i n t -m ~n i t  - .- problem s or i i n n u l m t  in ig
in s 1 n - e t i n m  P m !  L i .
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A r ‘ : T ’ L D H m T l  O~’

Th i s  r epo r t  p r t - s et t t s  the tcorln e ffort ant I  r e s u l t s  of t h e
I - r m t i g m m e -  gt - i m s o r  Fva l n n a t i o n  p n I g r a n  on t l i c -  A — 17 f i n a l f u l  1 — - ;  a l e  f a t  i g m i t ’
1 € - s t  and Ti, - r a t i c l ; m i I  F i -id air-raft. ‘l im O— t v —six mont hs of i .~ t — i  m ’ m c I l - , iOt i

a i d  , i t t a l v s  i s  m i r e ’  cov~-red Iv this report. T h is wm ’rf w ;m ’ , - c - t i l t  t m-K 11cr

r ’ q ui  romeo t a p 1  ~~~~‘ ii - t e r m - c 2 and u n d e r  t l i e -  ‘tnt lm or I zat ion of Con I ra a
F33e57—7 I — C — 0 l ( O i , i f lP f l  

~7 and P00026.

‘I b i s  r epo r t  is o r g a n i z ed  in to  six sec t i ons  and two a p p e n d i c e s .
- c c  t f o n t  I i - m u l t i i n s  the i n t r o d u c t i o n  and d i s c u s s i on  and Se c t i o n  I I  des r i bes

t m i  1 1 —s ea le I a t  i g te  I e m - - t instrumenta t ion and dat a analysis . Fe- - lions III
and T V  d i scuss  f i e l d  -i i r c r a ft  in s t r u m e n t a t i o n  u s i n g  new I ’~’ 1,- i t  I g m  s e n s o r s
and R e f n - e m m c e -  3 or  ig in - t i f a t i g u e ’  sensors on the  lower w i n g  sp a r .  01 - t i o n  V
c m m n t r u n s  I a n d i n r -  g t - a r  i n s t r u m e n t a t i o n  of f i e l d  a i r c r a f t .  Se c t i o n  VI
l e c a r i t e ; m  t !it i ns t m u l i i :  ion of censors on t i n - forward han~ o fitting of !.HR

m O n - r a f t  - t O i l  0 m-1 t ion VII p r o v i l t - s  a p rogram summary  of results and e iim c l u —
Si our,. \ p n en d i  -

~ A documents fat i 0im( ’ sc-nsor data col Or ted from b e t h  t i m e -
fat m o e  e’st and field -t in-rift. Appendix B ~~~~~~~~~ measur e ’ ! m t  rain

oi ectrulln s used to predict fatigue sensor response .

Fat i ‘ n i t -  sensors  were i n st a l l e d  and da t a  coli c - n - tm ~l at m ’  igi ml
- i t  Ions on t m e -  fina l f u l  1—scale  w i n g  at id c a r r y — I  h r n t  [at  igue  t e s t  , a t

one w i n g  c a t i o n  on s i x t e e n  o p e r a t i o n a l  A—37B a i r c r a f t  and ot t  t h e  l a n d i n g
gear of vu a i m  r i f t  to e v a l u a t e  time f e a s i h - i  l i t  a of sensor  app i i c a t  i o n  to
a i r c r a f t  ~~~t r t i c t u r a l  f l e e t  m o n i t o r  111g. Tn a d d i  t ion , t h e  f o r w a r d  h a n l m
f i t t i n g s  of s i x  new production a i r c r a f t  wer e ;  instrumented l ab i n  t I , m -
p r o g r a m .  Si  c r o — M e a s u r c in e n t  ~

‘ -
~ 
a fat i ~‘ ie - sensors n- c -re  used f o r  all

i n s t r u m e n t a t i o n  based on r e s u l t s  of t h e  I n i t i a l  E v a l u a t i o n  Program (Ke-te rm ’nc t -
3) and Lahoratm ar’,- Test  Program ( R e f e r e n c e  A ) .

Fu l  1 — s c a l e  t e n t  data vt -r e used t o  form cal  i b r a t i o n  n t - s p m nse
(response  to a known loading) f o r  compar i son  to oper -it  ional  a i r c r a f t  r i a l l o n a t

m i s  a m e a s u r e  of s i - y i n i t  ‘i of u sage . l ’~~age .- n m ’’,- i -r it v t rends developed for t h e
da ta  m m  I 1 m c  I ion P~-~ i i i i  a r e p r ese n t ed by t Ii 1 a r e p o r t

R e f e r e n c e  2 .  -- ‘ F t t i m ’ m m m -  Sensor F’v-t l t i a t i o n , Fina l F t  igu t Program ’’ , t n - m o n a

Rep rt f l f l I - — ( .t I 0 — O V 1 V , 2 l iii , 1972 .

R e f e - r e - t m m - e-  3. — ‘‘ P r o g r am  f o r  -v a  I t i a t i o u  of A n n e a l e d  F o i l  F a t  i g m i c  Sm icons , ’’

Final Report , F a s t - i P u - 1 i 0 r  t 1 I R E — 7 2 1 9 — 0 2 ~
) , 30 June 11)77.

Refert -n tm - e 4. — ‘‘Fat il’ n m u ’ Sensor Eva i t i a t  lol l T’ rogram — 1,aborai  orv Test  R ep o r t
.‘-,e- r m t m , u m t  I ca l  Svst  ‘m m ; i ) i v i  s ion  ‘ I m ’ c h n f c a l  R e p o r t  A S I ) — T R — 7 5 —  1! , Oc tober  1075

a Ft’ Sensor — T rid e name of mi f a t  i out ’ I i f e  ‘m ~ ’e’ assenih i v w l m i c h  e o nt ,’t i tt s a
load and  t emp era t  t i r e  co m p e n s a t i n g  s t r a i n  gage , and a m e c h a n i c a l  s t r a i n
amp l I f l u  r.
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l i r m ~m h i c t i o n s  ot  I i t  i O m O -  s e - n m s i m r  r e sp on ls i - a r e  made f o r  b o t h  t l ie
f u l l — s c - i  I i -  t e s t  and ~ic1d a f r o m  f t  u s i ng  measured  load  sp e c t r a .  These ’
p r o d  j e t  ion s  a r e n’otnparecl to a c t u a l  response f i r  eo r re  l i t  ion of f a t  i gmic -
se nsor  da t a  w i t h  t h e  measured  s p e c t r a .

B 01 S( ’t F S l  ON

F a t i g u e  sensor a p p l i c a t i o n  to  a i r c r a f t  s t r u c t u r a l  f l e e t
m o n i t o r i n g  c o n t i n u e d  to ~h iow promise :

a) Long t e r m  data collection is possible with minimum efto t
required ; consistent data trends have been indicated for
1,000 hours operation on individual aircraft.

b) Field aircraft instrumentation and data collection caused
minimum aircraft downtime and produced no burden on users.

c) Fa tigue sensor usage severity trends are consistent and
compatible with measured strain history data on both full—
scale test and operationa l aircraft.
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Fat i g t u e  sensors  were  i n s t a l l e d , as shown in  F i g u r e  1 , at  s ix
c r i t i c a l  s t r u c t u r e  areas  of t h e A—37 Final Full—Scale Wing and C a r r v — T h i r u

‘ l’atiomne Test conducted per Reference ~ I c r - m t p lan . Sensors were  m o n i t o r e d
periodicall y during the lest and resulting data were compiled to t erm
c , il j l r— mt io n curves for each critical location . The calibrated test response
- it a given structure location forms a baseline for a comparison of fati gue
sensor response at ti me ’ same structure location on operational field aircraft.

B FAT [CVF Si-:NSOR INSTALLATION

F a t i g u e  Sensors were i n s t al l e d  near  suspec ted  c r i t i c a l  s t r u c t u r e
lo c a t i o n s  based on r e s u l t s  of f a t i g u e  analysis , previous fatigue tests
( R e f c n t - n c e  3 ) ,  and e n g i n e e r i n g  j ud gement .  Si:-; structural areas and eight
sm ;m -nn u r locations were selected for instrumentation as listed Iv Table 1 and
F i g u r e  1. Two sensors were ins ta l l ed  per c r i t i c a l  loca t ion  on the  RU and
1~Il sides of the structure. In addition , Micro—Measurement TC temperature
sensors were installed adjacent to sensor location //4 on the Phi and LII front
spar to m o n i t o r  s t r u c t u re  t empera tu re  fo r  each f a t i gue’ sensor reading . The
data collection panel/Vishay indicator (Figure 3) were used to read
temperature sensors. The Micro—Measurement FM fati gue sensor was used for
all installations; previous evaluation programs (References 3 and A ) have
i n d i c a t e d  t h e  s u i t a b i l i t y  of the  FM sensor for this app lication. Fatigue
sensors were i nst a l l e d  per m a n u f a c t u r e r ’s i n s t r u c t i o n s  ( R e f e r e n c e  6) and
using techniques described in Reference 4 .  M icro—Measurement M— l6 adhesi ve
was used f o r  a l l  installations . Figure 2 shows a photograph of a typ ical
installation .

Four sets of fati gue sensor installations were made during the
f a t  i g nu ’  t es t  am ; no ted  m y  Table  1. These i n s t a l l a t i o n s  coinc ided w i t h  tes t
start and major test inspections . Several sensor installations were replaced
wit h ad j usted multipliers to achieve desired calibration response .

R e f m - r e n c e  5. — Cessna Repor t  31t-iI- — 70 16— l6 5 , “ Final  Full—Scale Wing and
C a r r y — T h r u  F a t i g u e  ‘les t ” , da ted  20 August  1973.

R e f e r e n c e  6. — Micro—Meas u rement instruction Bu lu e t i n B—14 2 , “FM Ser ies
M u l t i p l i e r  and M Bond M— 16 Cement App l i c a t i o n  i n s t r u c t i o n” , d a t e d  2 Fehru - ir v
197 2.
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, o~-a t  i o n ~t 7  m c i — - , u h i , -d , l m i r i m ; ,~ liii- ;e-cond i n s ta l  l i t  ion to  provide’ coverage
o f  th e  r~- , u r - g i m ’  s t r u c t  sire • l I C C , ; t i o n  /~S was added to  dup l i c a t e  the  f i e l d

i r - r - ; r t  i r m s t a l l , i t  i o n

l’REI) iC’l ’ED R E S I ’ (  1N g~

hiii t i ; i l  pr edi ctions to r-;elect multip liers (before test start)
s~e’rc’ rn ide  using a prelimin a r y strain spectrum . Final predict ions shown
i-’v t h i _ s  r epo r t  used  ~m t ’ : t s s n r e d  strain spectrums based on a range pai r  type
c y c l e  coun t  of m : m c - : i c m i r c - d  :~e i iu e nt i a l  s t r a i n  peaks .

Test S~ , ‘c t rum J)escrJ,j~~Jon

F~ m~ ’ f i i l l - - -- ca l e  t e s t  was cycled u n d e r  a f l i g h t — b y — f l i g h t  spec-
t r u m  l o a (h i n g  w h i c h  was app l i ed  on a r e p e a t i n g  t i m e  b l o c k  bas is .  One t ime
b lock  c o n s i s t e d  o f :

:i)  500 i n d i v i d u a l  s i m u l a t e d  f l i g h t s

1) 505.3 simulated flight hours

~- )  31044 aph ) l i ed  cycles

d) 5 ti- st load confi gurations

~t ’~ ’ u ’ r i t  V h it -ks were app l ied for a total of 35371 test hours (8843 safe life)
or  l’~ ,

m ) ( ; r )  f i  I g u t  a

A comp lete description of the test spectrum organization
is 1 ,ru” , ’t t ted liv Reference S and the strain exceed ance data is included in
‘i 1 i p & ’n d  i x  B i i i  t h i s  r e p o r t .

2 Sr r a in T r a n ’i s i e r  Function

The available ’ strain load spectrum for cact i critical location
was based on net  s t r a i n  at a control potnt. Fatigue sensor response pre-
d i c t  ion s  i i a u ’ d  a t r : i u i — d  . ‘r  f u n c ti o n  to  ad j ust  c o n t r o l  poin t  s t r a in  to the

it  I gu t ’  ‘a ’n ’ - , i r  I o c , n t  ion . F i g u r e  4 s u m m a r i z e s  t r a n s fer  f u n c t i o n s  used at
t i n ’  h ”w”r  1 t n t  s p u r , W . S .  55. 16 . T r a n s f e r  f u n c t i o n s  f o r  a l l  sensor pre —

~! i i  - t ion s  - u r e  1 at ed as f o l l o w s
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sI ;~-~S () l ~ I~ r ( :,\ 1 ’I m~, ; [ ~- : m I  ~~~~ l P ’ t~’4S!~

~ I , - p r, - ml l e t  i
1.! ’)

113 ‘ , 
. l~ I .0(1

:~ i n - i l  - t i  oil — —

m i S (C’ . S. i ( ]  .50 1. 01)
a W .S• - 1 1 50 0.67

lb ~-. pr e- I ct Hmm

~ 7 No p m , - l i  ‘t i  on
W . S .  55 . lb I . ( m l

Trans te ’r functiona a- i- r i - I t - iC -l ope - el using f a t  i g i l i -  a - a t  s t r a i n

gage element and/or conventional strain g, igc - r a a d i ng s  it t lim in - -:t rume’nted
location versus the measured control point at  r a i n .  Fi gmtr - 5 ~l i oa’ —m develop-
ment of the s t r a i n  t r a n s f e r  f r o m  WS 55 .16  to  l o c at i o n  ~8 u s i n g  .-i t r , i i n
gage data.

3 M u l t i p l ier_ S et t inj~

The effecLive FM m u l t  i j d i c r - -: deve loped b y R e f e r en c i ’ 4 1 a I o r : i t  m r -
t e s t s  were  used f o r  response p r e d i c t i o n  c a l c u l a t i o n s :

Nomina l  E f f  ~‘ 1ii l t i p l i e r
N u l t  Va l u e  ( ( - ~e i  4 , V i ~~ 7 -a )

2 . 5  1 .62
3.5 3.42
4.0 4.10 (t-~~t)

4 Calibr ation_Data

The constan t amp litude calibration data developed by Reference 4
l abora tory  teSts for the FM fatigue sensor were used for ri ’s~ronae prediction
calcula t ions. D a t a  shown by  Tab le 18 , R e f er e ’n c e  4 were i n p u t  to  t h e  response
prediction computer program (mean strain assumed zero ) .

D DATA COLLEC TION

1 Data C o l l e c t i o n  S~ st e r n

Lead wi res  from I n d i v i d u a l  f a t i g u e  sensors were routed to a
data c o l l e c t i o n  panel , in fron t of the test article (Figure 3). This
data col lec t ion pane l was developed for  R e f e r e n c e  4 l a b o r a t o r y  t e s t s , and
was designed s p e c i f i ~ - m t 1 I y to read t iM f a t i g u e  sensors and ‘IC temperature
sensors w i t h  m i n i m u m  e f f o r t  and p o s s i b i l i t y  of e r ro r .  ‘ ( ‘ h i t ’  da ta  co l l e c t i o n

a — Fr~l 1 r~ r in~ ct r i , r t n r i l  bee f—u n ~t w • s .  q i . s o .

C)
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p a i n - i  out ,iine d a -t wi t c h  J u l5 1 [on f u r  each fat i m y m i -  a I ’ m m s o r  and a zero
r u - N - r ’ r i e ’e ( M i c r - — ’ i u - i a t i re ’ mms ’ n t  5— 100— 05 p r e c i s i o n  r i - - ; i s t  o r)  fo r  the m i  j a l
;:e-r o : i m l  j i i s t :~m t - n ,, of  t i n ’  i ; i d i i m i t  i n d i c a t o r  ( F i g u r e  3). in  a d d i t i o n , ano t h e r
swi t h -~ I u - c t e e h  t h e -  co t im p os i I c  s e n s o r  ( h a l f  b r i d ge r e a d o u t ) , t h e  f a t i g u e
seIt- ,~ir e ’ lu -t : Iu- mm t , or l i i i ’  s t r a i n  gage c l e m e n t  of the  I ’M s en s o r , as w e l l  as
a w l  t c h i i n g  i n  t i m - -  r m - 1 u i r e d  duimny r e s i s t o r  used i n  re a d i n g  th e’ i n d i v i d u a l
—t e n s o r  e I -:n n t s  ( q i i , l r t ~ ’r b r i d g e  r e a d o u t )

A V i s h a ’,’ M o d e l  P— 350 s t r a i n  i n d i c a t o r  was c o n n e c t e d to  the
(l i t  i c o l l e c t  ion pane l  to  re-ad f a t  igue sensors  and t e m p e r a t u r e  sensors  as
out l i n e d  in A p p e n d i x  C , R e fe r e n c e  4

2 I )a t a  C o l l e c t i o n  Procedure ’

,-\n i n i t i a l  zero r e s i s t a n c e  r e a d i n g  w,-is r ecorded  f o r  each
f a t i g u e  sensor pri u r to test s t a r t .  F a t i g u e  sensor r e s i s t a n c e  change was
r u - i d at  a p p r o x i m a t e l y 250 t e s t  h o u r  i n t e r v a l s  ( t w i c e  per t ime b l o c k )  w i t h
a more f r e qu e n t  i n t e r v a l  f o r  e a r l y  sensor  response  (0 — 2000 h o u r s )  due
to t h e  l o g a r i t h m i c ’  n a t u r e  of f a t i gue sensor response. i l i e  a c t u a l  read lu g
i n t e r v a l f o r  f i t  igue s en so r  d a t a  is l i s t e d  by A p p e n d i x  A .  Fat  i ,gue ’ se ’ns or
re a d i n g s  we ’re ’ t aCe- n  on :i n o n — i n t e r f e r e n c e  has is and we’ re t ime d to com e ide
w i t h  t e a t  i n s p e c t i o ns  or tape  changes on the  f a t i gue t e s t  loading s y s t e m .
A l l  f a t  i gm i e ’ s en s o r  r e a d i n g s  were taken w i t h  “h y d r a u l i c s  up it  on the tes t
a r t i c l e -  w h i c h  i s  - i r ep e a t a b l e  zero load condition used as a starting and
u - n d i n g  p t m  m t  of ny c  I in g

runt or e ’ t empera tu re  was recorded fo r  each f a t i g u e  sensor
r~-a d i  n ;~ to  i - i - r n - i t  re - s i  s t a n c e  d a t a  fo r  t e m p e r a t u r e  e f f e c t s .  The t e mp e r a t u r e
b r  ~ a e h i  r e a d i n g  i s  no ted  by T a b l e s  A — i  t h r u  - \—7 , A p p e n d i x  A .

The r e s i s t a n c e  of bo th  t h e  c o m p o s i t e -  f a t i g u e  sensor and ind iv i -
dua l em l e ’m en t  a was re -corded f o r  each f a t  igue se’nsor r e a d i n g .  ‘l’hils p rocedure
served :ta - i ml’ a su r u -  of q u a l i t y  cont rol on t h e ’  da ta  s i n c e -  t h e  d i f f e r e n c e
hie- tw ee- n i n d i v i d u a l e lements  may he used to check t h e  compos i te  r ead ing  and
the  s t r a i n  ~J ) e  element should he s t a b l e  for  a repeatable static load
c o n d i t  ion .

E DATA ANALY SIS

1 n i t  a Re duc t _Ion

A l  I I a t  i g i i e ’  sen sor  da ta  (‘01 lect e d  f rom the  A— 37 f i n a l  f u l l —
scale  f a t  i g u u c ’  t e st  are p r e s e n ted  In t ab l e  form b y A p p e n d i x  A.  These da ta
are presented  as sensor  r e s i s t ance  change (I) elta  R) w h i c h  is  c a l cu l a t ed  b~’

12

~~~ ir ’ .~~~~ - ---, - - — ~~ ~~~~~~~~~~~ “ ~~~~~~~~~~~~~ ,. ~~~~~~~‘.. • .~ -u, ’ ’~~~~— —-—‘- ‘— - —- --  ‘ —
~ 

- - “-- - -  ‘
~~~~

‘
~~~~~~~~~~~~~~~~~~ ‘



- t i l l - i  r : i c t  i n c - : e ’ t l : . i [ i n i t i , i l  :e ’r i ’) m - -  s l i ng  (n ’ m’m c i - - t c ’:t re adin g an:! i - ,i rr e -c t—
1 1 m m :  m o n  t 5- - t i t r u - v , i i ’ l ; it i o n S .  ‘5 - t e m p - t a r  t - - i i ;n r - i t u r e  I - — r n - i - t i e — n  da f l  i s
- a m : ’ : i i t m t  i i  i i i  R - f e ” r ’ u - m p ’ ~ - ‘

i . Se n s o r  res i t-m t a nn e ’  ch an g e  d o t  i m rot’: A pnc ’n d i x  \ and
cor r ~ ’spo ml ~i l u g J m r - ’di ct~- (l re-s p ouse (wh im , i v - i  1 itil - l e - , ‘ : i r i g r ap i m  ~ . I )  are p lotted
I v  ; t n u i - t i i r , i l  a r e a  i n i ’ im-n t ’ & - s  7 t h r ou g h  I S . F i g i r ’ - - (,  i s  - t  I i ~~:i p l o t  i - t V’ - ’
s en s- - r  r . - - - ;pon i t  hoc- mt i n n  ~~ - - m m the ~‘ r - I i l ’ - i tmii r , t i l l ] —  : i I o  t e S t  ( i i , - - r e - n r e
3) ari d I : -  i n i - l u d e d  o r  c om ’ : I u n i n o l l  of p r a l i t m m i m m . m n - ,- and  f i n - i l  t e s t s .  ‘‘ l i - s t
hours ’ on t h e ~ p l o t  a r e f e r : - :  t o  s e n s o r  i - - -t hours , r tm t Iie r than ni rp l : i n e -  t - ’ st

i, i uum r’t . Figur e-a 7 - 1 +  re - p r e s en t  1.12 t i  - - - t  ~ , i f i , ’ l i v e - : , wh il e- Figure C repr e - su’
l .4 s i l t  lives (jOe tn - I  jnm jn jr ’: test - t i l e  I it ’ e’ s i - - 7013 h o u r s ) .

F sin ct -u- ta rs in i tially in stalled :il i o - : t t  ions “iS ari d ‘~6 ga ve
r e sp o n s e -  and t i r e  no t  i n c  h itched in d - i t a  p l o t s .  ‘h’hese s€’lison :: were

“ , -!‘S - ’ e - !  f n u u : ,  t h e -  t e s t  artic le and e x , i m i : m - - d .  -Sir bubble’s in ( l ie ’ M - - - l 6  adliesi’:e
p r - d u c t - i  ~~i u l  o f  t o l e ’r a n i ’e t r i l ’  ip h j a r  p m - r I  ~- r :”  , : m e m ,-

I n  r~- - , iewin g f - i t  i g i - - - - e m I - - i r  d a t - i  p i n t - , t Ile local - i t i i i : i L i O f l S  of
( i t ’  t u~~ t S jl i a  t r u m  a r t - i l - - o - r v c i l  t o  p r n d m s - e ’ f l u c t u a t i o ns  i t t  t i l e  s ensor  r e s p on s e
r i t & ’ . l lo ’ -: e -ve - r , the block to b l - d - - - a m ’  r e s p o n s e  f o r m s  a a m - t o o t h  f u n c t i o n
w h i c h  n ;i’; h i -  i -n m p a r e d  t m  ‘ I — r e - - i c - t a - I r t - - m ’ s , n l - -e ’ ti nch i s  use d f - n  Im -~ - - l o g n e n t  of
,- ,i i ibrat io n  , r i r v i - s

a ‘- ~,ol~ij i, ~~, i,s, ‘ 14

(‘ i t  iCue  sensor  r i - s r - ar i s e  i t  c i i  f t  e n - m i t  - m t r ma - t mire - loe ’ , it i e t i , 5 m,,i v he
compare h ( - t a t i m u -  su l t i p l l i -n s et  t i ng)  f u n  a re ’l m t  ive  i n d i ca t ion 0)  s t m  i n  h i s to r y
- - me -v e r i t y .  T a b l e ’  2 r i m - i C e - s  a C o m a u t  i t t o t i  i i i ’ s e n s o r  re spon se ’  at  1, 11 ) 0  t e - o t  h o u r s
f o r  -; t - v n r : u l  a t r t i c t  i n -  I - ’ - i t  ion ’: . From co np ar  i s ou s  of  t h i s  t a b le  and r ev i e w i n g
‘ f i t a  p l o t s  ( F i m ’ m i t a - a  7 l i r i - : i : m l i  1 + 1 , t l ’ ~ ’ f o l  h i i s i m m g  c o m p a r i s o n s  a re  macb e f o r  the
inal I m i l  I — i - a l e  f i t  i giie i -at:

a) 5:~ oad log i a : - - m’ SOt- r ica  I on I i n  i e at  a r t  i u , e by n o t  I ng
minimum n i - -:p in : e- scatter RH t o I I  - i t  all locations .

h )  ‘ l i t ’  I ina l  f mtl 1 — s i - ale ’ tes t (tr:ii nin c , - : i ’ e - i - t  r u m ) is r m o n , -
- y r ,  t h a n  t i m ’ p r e !  i 1’m i m l a l ” ,- f u l l — s c a l e  t e s t  (c -H . , t  sp e c —

t_ ru ts . c f t ’ i ’  m m - - -  3) at l i i i ’  I i - s n - n  I r o u t  s p a t  • VS 5 5. Ii - .

I ( a - l o wer  w i n g  s o r b  l e e ’  ( I r - t i t  ‘;i’ , i r )  i: to rt ’ seve t — - t h a n
a’ u p p e r  s u r f a c e ’ i t b ot h  inbo :irel ,i~ ih o m i t  ! - o m r - i  u n i t  ions .

l owe r front - -; a r , t4S 11 .50 is t m i - n - st  se - v - - r i - I ‘ n i t  i on
(~~ i I i i ’ t a  I ’ i - i  ¶ i i ) , )

ws — 1  . “i t )  s ,~~~~u- i s~
- I m - e i  i t  I v  t - a m i : u  I a l~:~ 4 r_ I i ,  on t i m ~ - t i p p er

f r - - , ~ t - - ‘tin and i s r~’o r u  m-m e ’ v u ’ i n  ,~~u t I c 1 +-w ~-r  : :t : i
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I ) St rue - t ural l i e ’  I op - ‘ m m  I ow i -r  VS - 1  5 ( 1  i’ - - I  ices t - is  I o a t  ion
t o  l es s  si ’ v i - n i t v  h i n  t I m e  l i pp - r sp ar  i t  VS ‘ ( 1  • 5 I ~~•

g) i-~e -ti r spar is 1 + - a s  s ev e re- l I m i t ,  f r - m m  s t a i r .

N i )  I C :  P a t t i  comparison trends I n , I I ’ t t e  d It -: i t - - n : -- ( c )  and ( - ,,~~)

we-r e also c ’xl mih i t - -d by the- preliminar y f;it I g n e -  t - - t  (Red ’i -r - - m m ’ n - 3).

Pre’ch i -te d re sp o n s e-  f o r  t i l e -  full—settl e t c - :~ t 5~~, is ~~e m , - r a i l ’,’ c l , u s e -
t o a c t u a l  re sponse .

F CAL IBRA T ION C L K V I

‘rest data f r o m  t l i - f u l l — s c a l e  ti- s t was used to I m, rmn -ii c a l i —
b ration curve for comparison wi i i i  f - i t  i g u e  s e -u s er : ;  on o p - r a t  i onal fi eld
aircraft. Fie ld aircraft w e r e -  instrumente d iden ti cal to Ii - ’ -  i t  ion ~8 on
t h e  f u l l — s c a l e  t i - s t .  ‘lest d a t a  t rum l o t  ion ~~ s- i - r e  c r t r v , -  fI tt ed i c i n g
a c h a r a c t e ri s t  i f t i l i g t i c m  a e ’m i s o r  curve shape- ( i - o t m s t a u t  amp i i t  t i d e ’  - I I t i ,
R e f e r e n c e  4 )  as shown I - - ,- V i  g i i  re 1 5 . l) , ie ’ t o  v , i  r l i t  I - na  of  - -c ’.’ u- r i t -. - w i ¶ 1 in
the  s p e c t r u m , ti - u - - m i r v e -  f i t  was  based on a a m m i o t h  f i r  o l  b u m - k  t - ‘ b l o c k
f a t i g u e  sensor  re - sp o u s e -  (500 l i - a i r  i n t e r v a l ) .
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:1 id I ’ I ’  ) I ~ I I I

F I I - . l l )  -‘~!R ;Ri-\ J~1’ I- ’’l SI:NS- i~ INI— ~I , - \ i l A i  I ll S

I V I i—l , C m l C  I I ’ S

S i\ t - - -n A— 17B ai  r - r i I  t i t  t S r - - c - C ISC ’ : I t t -i c - s  w e r e  i n s t r u m en t e d

w i l l  t s o  ‘mS - I t  j l 1U e - s e nso r s , - i n c  on m - ; i c h  w i n g ,  at  l o c a t i o n  #B ( F i g u r e  2 )  and

m ’ u n i t e , r , - - l  ~ n a ,mr t e- t ’ l ’ ,- ~~~~~ for t l m i r t ’ ,’— t i : - :  mo n t h s .  F a t i gue sensors m-:e r e
i t m a t a l  l i d  1 , i ;~i m , i ~~v 1 1 7 1  5 ’  , i (‘i - s s n a  l n s t r m i n m c n t n t  io n  I - m m g i n e e r  and s u b s e q u e n t

n ’i ,i r t e - r l ’  d o t s c m - i  I c - - I  inn was  : t s i m ie -  i_ uv ( e’5msn: i  F leet  M o n i t o r i ng  eng inee r s .

I ns  t , ai l i t  i o n  and d a t a  coi1~ - c t  ion  t e c h n i q u e s  are s i m i l a r  to
t li o s a - Ic --i c r ~~m I l _ u ,  ‘ S ’ I e ’ r a t m c e  .1 p r e -  I i m i n ; i r - ,- p r o g r a m .  F i e l d  a i r c r a f t  response’
d~~t i  a r -  c - :  I ~ed t m fu l l -i -t il e - t m - S t  c ;il ii_ u rat ion and o t i m e r  o p e r a t i o n a l  bases

- - ml , v - J o p  - i - y r i t  v of i s a a c -  t re -nd s

1 ,21 i O N

I ’ S f i t  I gil e- cc m m - ; , ’ r s  We ’ ret installed on s ix t e e n  ( SINUS a i r c r a f t
as f o l  lows ( a l l  :ii r i - r a f t  w i  t i_ u EC1~ 94 wing)

B- ;e Cs i p~ ( ommiind No~~ of A i r c  r a f t

l i — i i ’ H - d - i l e t  ‘i l - P ACRIIS 11—12 Jan 1973 5
E r i g i  and  AFI1 TAC 1 1— 14  Jan 1973 6

-I - - i  n - . land  A S m ,  - ‘iN C 2 7 — 2 8  Jan 1973 5

H~~- t h r e e  u s i ng  commands had p r e v i o u s l y  shown usage v a r i a t i o n s
( R c ’t * - r c n c e  3) . “ -~ - s - n ~~~rs were- ins ta l led  to c o n f i r m  these t r e n ds .

l n s t r i i m c - u l a t i o n  i n c l u d e d  one ~lj c r o — M e a s u r e m en t  FM 22 1— 02 . 5L
f i t  i , - , - - m i s e r  o r  w i n g  spar  (R u , l~l1) i n s t a l l e d  at WS 56. 80 ( locat ion itS ,
V i ir -: 2 )  and one “ i cro — M e ’asure men t  ‘IC t empera tu re  s e n s o r  i n s t a l l e d  on the
1, 11 p i r  id j , t i  , - m l t  t o  th e— f a t i g u e  s et i sor .  A sh ort lead w ir e  was i n s t a l l e d
f r i r i m  t i e ’  I a t  i g l i l -  su - i i - - ; i m r  to a f i v e  p in  conne ’ e’tor i n s t a l l e d  in the 4022287
- inc- ’ 1 s-i- I I - a ’ - - p a n e - i .  i - i  gure  16 shows the f a t i g u e  sensor i n s t a lla t i o n
1< I t  t i m i d  F i g u i r t -  17 shows the ’ wheel  wel l  access area fo r  in s t a l lat i o n  and
d i  1 . - i c i l  1 - 1 - — n

S t - v  r ; i l  of tltt- instrumented aircraft had previou sly been

i n - t I  r - m I w i t h  D e - m ) t  r onic f a t i g u e  sensors b y R e f e r e n ce  3 program.  In t h i s

• 1 - ’  e ri c foal itiboard h-nt ronic sensor was removed to make room for the

Si ri— -i - r - - itm - s I  sensor w h i l e  the ori g inal outboard sensor was left intact
¶ or long  t c-rn mt -n i t t iring.

2
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Fa t  i gu t -  ‘ :or  - c a  ri  - i s ’ ;  t~ i t  I l ed l _ u y i i  
( - - -  - sn-i t a a l ,  (l i_ u s t r u n s - n —

at  i on  and F I e a t  ‘- 1mm i t c u r i n g  c -n g i n m -  - ) w i t  I t  e :-:cu ’ I i c - n t  - - up tm _ u i I prov  I - i - i f  by
.- \ i  r F t - r c a  p a r ,~0nnt ’ 1 a t  e , i a l m  i t t - a .  . \ i r  I - ’o r c c -  p m i m m a l  r -tmu - v ’d i- - i - e s , ,  p a n e l s
t a - q t i i r e d  f o r  i isa - i t ;  t i m  the’ I r o m i t  s p a r  t i n e!  o 1 ’ i - r : i r u -d gr u t i n d  h c - a t , - r : :  r e q u i  red
t o  cu re  t i e -  f a t  i g i l t -  s i - n m i o r  :i ! l i t - ~~1vet  -

!‘he Si e ’ r c u — S t ’ a - - u r eme-nt  I ’ S sensor  was i ’s:  i e r  to it _ u —i t t i l l  t h a n  t m t
1) en t  ron i c s i -n s n r s  used in  earl icr  p r o gr a m s .  ‘it _ u t. a l  a i r c r a f t  ( l o u t _ u t  lm ne was

I ou r hours  w h i c h  Inc I t id ed

a) One ’ h o u r  c lean  spa r , m i x  a dhe - ,s i cc ’ , P°5’ t io n se n so rs

h )  Two hou r adhes ive  cure  u s i n g  14 ( 1 0 F ground I i -  -at e r

c) One hour  w i r i n g  and i n i t i a l  zero

‘I’he installation procedure is described as follows :

Step 1 — Accc’t- s to Front Spar

A i r c r a f t  were moved to a h a n g a r  or m a i n t e n a n c e  area fo r  the
i n s t a l l a t i o n  work . Ai r  Force personnel provided access to the  fron t spar
cap b y :

1) Lowering inboard gear door

2) I)isconnect gear door actuator and cycle to ‘ g e t i r  up ”
posit ion

3) Remove t h e  4022389 ~-rnd 4022287 access panels.

Figure 17 shows the wheel well : i re - a with the  access panel
removed.

S~~p 2— Install Sen o-

FM sensors were’ installed using m anufacturer ’s instructions
(Reference 6) and u s i n g  t echn i q ues desc r ibed  by Reference 4. This included:

1) Clean spar cap and nirk sensor location

2) Instal l t empera tu re  sensor  ( M i c r o — M e a s u r e m e n t  ET C— SODP)
adjacent to J ,H FM sensor using i - I ;m s tm a n  910 adhesive
(Figure— 18)

‘3) Position I’M sensor on spar using a p iece of cel lophane tape
( ‘35 11157) p laced across the top of the  sensor

4) M i x  and app l y 5-16 adhes i ve

5) Cure adhesive fo r  two hou r s  at  140 ° F
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Step 3 - t m- t a l l  W i n  m i ~~

Sensor wiring cons i st ed  of i n s t a l l  i n g  sh o r t  l ead  “ - i  r i - n  (appruuz i —

mate ’ l~- 18 ”) f rom t h e  sensor t o  a five pin e l ectric a l (-onne’ctnr inst a lled i m m
t he  m o d i f i e d  4 0 2 2 2 87  access  p ane l  . Wirin g was tle’ il t o  -in e - :  l i-m t ing w i  r a
bund le  to assure no i n t e r f e r e n c e .  The ’  1, 11 c o n n e c t  or - ‘ m _ u t ; i i n c ’ d  l i - a d s  f r o m
both the fat igue sensor and temperature sensor  its jog th ree’ ,‘im_ucI two p i l l S
r e s p e c t i v e ly .  A placard cautioning handling of the el ectric a l connector wan
i n s t a l l e d  a d j a c e n t  to each connec to r  as shown hv F i g u re 17.

~~~~j _u~~~~- App lv Pr o te c  t I ye CoatJ~~~

The FM sensor wiring/solder j o i n t  and IC temperature sensor
were coated with “N—Coat A”~ gage prott- i:tivc coating and a pad of 111,11
Barr ier I E!th for electrical and mechanical protection. The F’S sensor was
not covered to avoid chang ing the multiplier performance (the rubber—like
encapsulating material of the FM sensor multiplier assembly provid e- s ,-i

measure of protection).

Step 5 — Sensitivity Check

To check operation of the FM sensors after installat jot_u , a st - i re ’
load was placed on the outboard pylon (WS 191.50). Reading the VS sensor
as a strain gage (Cage Factor = 2.0) —60 to —80 micro strain response was
recorded from all sensors (static load varied from 1551/ — 1751t).

S~~j~~~6- Zer o_Read in~

An initial zero resistance reading was recorded for each fat igue
sensor; all sensors were within tolerance (100 ± 1.0 ohms) for this reading.
Reference data consisting of aircraft loading configuration , ambient tempera-
ture and total airframe hours were also recorded . Initial zero reading data
for the sixteen instrtmiented aircraft are listed by Tables A—S thru A— SI .

a
M Coa t A — an air drying l i q u i d  p o l y u r e t h a n e  pr , ) t  - a l  IV& ’ coa t  ing intended

for s train gage applicat ions , ma nufac t u m r c - d  hv M i c r o -  “ e ’ .t s t m r I ’ m i - m m  L u , Romulus ,
Michigan.

b
B I H  Barrier F — A neoprene and r ubber pol vm ’i .  ‘at  - ‘ I i  t \~ ie pro t c i t  i v t ~ i -ea t  in g

which provides waterproofing and i n e c h a n i - a l  p 1 ’at  I on  f o r  s t r a i n  pa ges ,
manufactured by BLH Elec t r o n i c s , We l t hm , m , M a s s , u c h m u m ’ e ’ t i - s .
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- u  -H Ic- ,-\ I rc r ;1 f t

‘i i  l ’ s S , i I  t c t - r u - r c ’t u r t _ u c ’ e l  to  t h e  ~\ i  r F o r m - c’ for ri’ ,-i: ,sc- m:uli I ,‘ and
f l ig h t s t  i t  u -m .

C I ’ -, ,\ l O l l

- t ; u  i ’ m 1 I c - s t  i o n  Sy s t e m

l i e ’  I i c i d  c i ; i t a  c o l l e c,  ion sy s tem  used the ’ fo l  l owing  e l e m e n t s :

a) \ I~~l m , u v  Mo de I P—350 indicator with a gage factor setting

= 9 H~S to produce a d i r e c t  r ead ing  of ohms r e s i s t ance .

I ,) A pu ’c - t:  i s ion 100 ohm re ’s is b r  ic u r zero re - I c - r e - n e - c- (u n o un t e d
m m i i  p 1  u p — in  b l o c k  to f i~t V i s h ay  m d  ~ ca t o r )

c )  A t h r e u ’  - o m i d u i c b o r c a bl e ’ lead wire ’  w i t h  p l u g  te _ u f i t
r es u ’ ptab  I c  i n st a l l e d  in  w h e e l  w e ll .

d) ,\ t c - m i l m e - r , l t u r e -  s e n s o r  si gnal  c o n d i t i o n i n g  n e t w o r k  f - m r
V j si i ,i’,’ ind ica tor  w i t h )  loadw i’e and p lug .

‘) ,-\ J r ’, b c u l b  L l t e r tn otnc- tc ’ r to  re-cord a m b i e n t  t c n i p t ’r m i t u r e ’ .

li e ’ h and  i c - h i  probe’ system used  by Pc - I’ m - r e - n i - c - I and Pc - l u  t - - n -  - 7
pr  ; - . roes  f - i  r I ,jt i gum - s enso r  re’s i s t ance  r e a d i ng s  on f ic let mu i rc  r a l  t w . is
d i - - j r - l u  - I i n  I - tv  - r of ,i I iv , ,’ p i n  i_ ui ug re-c - i- I _ ut t i c  I t ’ m o u n t  i’d in t I _ u t ”  c-I u - i ’1  - 

- - - I I
lii ,, ’ ~m r i he -  sys  I i ’m ,~ c m H ccl  sal 1st a c t o r  i ly f o r  two contac t pe j u t  i-i u s  r equ  i ru -el
by l)e nt  r c u u i  i s  t~~ n se rs ho ~ was less t h a n  des irab to for t hr e ’c- e m u n t  a - - t 1-o t n t , s
r e - h i  I re-mi by t i e ’ Sic :  re m— M e a s u r e m e n t  I’M sense) r. The p l u g  s,’s Ic- nm was emp I m m c c c l

w i t h  i uuip r ve: d l u - c u r t -v of d at u and c ’a : ;e- c u t  d a t a  cot  l i ’ c ’t i o n ,  t , S t - c m l
I 1 c m -  P i t t  p l ug  i i  l m i w u - d  t it , , ’ f - i t  igue sensor  and t e m p e r a t u r e  se nsor  on t a
LII wing  L i  s l id  r e a cominOti p l iig.

I ha L e - u l i e t  r a t , m i  r e s ensor  r e a d o u t  used a S ic  r c u — S i ’ ; i s u i r e m u , ’nt LS’i
u i t - t , w u m r i -  I -  t i - p t I t ,  t e mp e r a t u r e  sensor o u t p u t  s i gnal to the  V i s l i a v  }~— ‘35O
i n d i c , i t i , r .  m c  i r e - c - I  r e - ; i d i n p  c i i  temperature (cu t ) was ind i e’,u t e ’d w i t h  0.10 !,’
r t - m , i l o t  l u - u .

C c - I t  - re lI c: ’, ’ 7. — “ T— J i B  Fu se lage—Empenna ge  Sc ra t ch  ( ;a~~’ and Fat  i gue Sensm - r
t t u d v ” , Ccsm ; i i , u  Repor t  3 18 11— 7 31 9—0 3 0 , dated 19 Smirch 1974.
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h i t - i  ( c m l i c ’  l i t - u i  I’ r i u m e ’ d u i r c -

- i t  i g m i a  :m - ’ u u : , - r  e l , i t , i  m ’ o l l t , - I j o n  i u f l  i l - - E d  - -  m -  i e t i - c - t m

- I t  - - :- m I OiO L u  - I v I I -

‘ - - n u i  t o i l  u - - - t - i I re r ; i  I I w i t  i t I i -  c i  l I m  i ’,~’ i n : ’  i - m i v  i t  1 -  -

- ) ~, a ro L I ma -
~~ I mI m i ’, 1’— ‘it) i i_ u d i - - , i L m r  I i  j i  I m i : ’: I up i t t  t i m  “ :e r -  -

b l i m e  i- ’ ( I  Ic -rn h , i’ a r i ’  i - p - l i  3 . 3 . 1)  - t i m - i  - i - I  - i I I t t i ’ l i i -  - intl 1 - i t
n u l l  b , u l o n c e ’  ( p - i g u ’  I , i c - I m u r ‘ 1 . ‘~ I ) .

b) Couu im -e : t I c i i , i \ ’  i n c h  b . u t e r  t c i  p ] ; ’  ‘u i  m l i i i -  L u  i n  s’:te,’c- l - c  I I
ki t  mmci I ) -m c i  r i - u i  I - i t  i ‘ m u m  - : e l ’ is - - - 1 : 1  - i l _ u i - ( n.:i I u i :  - , -

i u i e l i u ’olu r ) .  Put ’  m i c r o — s t r a i n  ( L m ) i n c l i i - , i l u  i i  u - p e l t s  (.1)0 1
m mlii ns ,e . g . ,a +243 i nd l i i i  I mu i woti  Id hu e ’ +0. S-t  3 m m l im s

Rec h e c k i n d i a , i t t u r  , i a r - -  i l  t a r  ra l e l i t i : -  m a t h p u i m -  - ; t - u i c m m r c ,

ci)  ( , i ’ u u u a ’I \ ‘ i s h u ; i v  i t i c l i m , u t i - i  w i l l t  t u : : m p . r i t m r  s- t w m rk  to  11:, ’
LI I  v i i _ u g  - C u : - - n i l  r i - i l  -~~t r m i m - t m u r u -  L u - - : m j m i - r i t u r i -  ( m l i r m - a t
readin g ) .  ~~m - i ~~- :  t o y , - 0, - I - m r  - 2.00.

c ’ )  l-iect,rd :,m i j i ~ier t Iii; ’ i h i t , -j (- i l i - - r i ! t h u - u m i r - : , , i : : u h u h ,  m i t  t - m l m g e r  i t  c u r , - ,
.1 u m t d  j u t : -  c i u i i f  I ‘, i r a t  i t O ) , d a t  - -

I I i  t ’l , d l o t  ;i Co lie - m i ion

I I  i : ’ u i a  ; m - n c ’u r s  we ’re r i - u i  by  ( ‘ u : , : ; t m j  l- ’ i a t - i  ~- hm t i i t u i r  h u g  e l_ up i m i e - e - r : ~
- ‘ I i  mm mipju t ’ m m x u u i i, ’lLt’ qu a r t - - i l y  i n t i - i ’va l . Re - m u d iug t i c - i  iv h ties we - ri- - m u s h h u i , i t ~ -~i
w i t h  A i r  F’o r c u -  ~ - u ’ - -  u _ u u i e - l  a t  c ’ ; im ’ l i  l uti st ’ w h i t  p r o v i d e d , i c ’ u :c ’ss  to I _ t u e  , u i r e ’ r tu i t ,

I - ’m u i i gue  cc ’  I s c u r  r ead i i i ~’, ’ w i - r u - e m m t t u _l m i t - t t ’ c l  t u t u  :u nonint , - r l i -r e- nat ’ h i s 15 i t t  L i t
d i t i , i  i ’ u u l l t - c : t e e l  b t ’L w i ’ c ’n  I i  i p i u t s  or d ci ri t i~- u u i t ’ uuu , u l , i  I r c r . u f t ,  t lc iwti t h u m s - .

- I S : ; i’ i uc m ‘ t I t i  t i m  t ’ - m - -,t i t t  i i i  :it id i -unpe ’  r ; i t m i r c -  e’o mpe’ n smi t  i o u _ u
( R e f e r e n c e  c.) ,  w h i m - I  m l I - m w : ;  I - i t  i g m i t ’  ;e ’ t t ’ c u r ,  L u ,) h a  r u ’a~I w i t h  .i  ‘j i l l - t v  o l

I r~- r mtt t l o m i e l  , ‘ i m i i l  i pu r t u t i o u l s  n u t  ,-i m b j t - n t  I u - u : m p t - t i t  ui’ , : ; . h i ’ c - e - v m - r ,
i ~- 1 i~- u t a b l t -  I t c u t i  & ‘ u n l  p i t t  u t  i u ’ t t  cjmj s u : t -ml  I - - r  t i l l  V I i t  I~~u u m  s e n — a i r  re ’ , i , h  i u m p — ~

,,_,, ( 1  I , u v a i  lab  I t ’ )  I t ,  ui i i i  l i i i  I ,~~- -  , I  i t  I i  I o , j t l  u - I I u - - I  s — u m - ; u -m , i I I r i ’ :; i s t a n c e ’ c’hi: u_ up m ’-:
( : , , ‘ , ‘  I t - -I t n - u i ’ - ’ 4 , l’ ,i r , u y r , i l i l u  / •

1~

1 w u m  a I 11i I ‘ — 1  w i  t n - t m  i ’ ; i n s t  m i t  I - _ el w e - i ’ d’ I t u t u -I L u _ u  to ’  d c ’  I c u  t h ye ’
d u r i n g  I i c i d  c l , i t , i  m m m l  I i - t ’i~~ t i i .  l u _ u  l u m u L l i  u ’ ; i : ; ~~~:; ( i l i a c - i l  I i0~~l . t 0 I , t~~0 — f u S I 3 ) ,

t l i ~’ I mi t  i gue  -m , ’ ui s’ r m t ri i n  - u ~’ . ’ ~ I i’tne’nt wIt:; I uui n tl to be ’ errol Ii • ‘the— se
i t i l lu re s  Ir e ’ t ’~’ p u i a  O h  tl i tu ~~- en (’nhi nie- re’eI clui riii - ,- I i i - ’ Rt ’ I ~ t m - ’ ; c ’a ‘u I : t b c t r , t t u m u ’ \-
t i - s t  program ( I l L ’ - p r e ’ u u i t u t u i r t ’  I il~ t a r t -  r a t - ’  I o n  t i t i : ,  I ‘ : : t  o t t ’

‘l’ mi bit ~i; A - ~ th r o u gh A— fl l i s t  I i4 - ld il , uu,, - u j  I c ’t ’ t t  m l I t’ oi u i 12
.J itu u iui rv 197 1 t h r o u g h ha n ut ry 1976 .

3 m

- — -, -—- —_ --.- .- -— 
~~~

— 
~~~~~— 4-e- • ~~~ 

. -‘- - .- e~,u ”  - -~~~~-= --- -.——- - —— -- - -  ~ 
- - .-‘-—— --—— -,



- -  m u t t  o h  a t  h i u r m  Pr -b-b m - r ’ m :

l i t ’ ‘l ,i m m _ u m ’  c l H m  i~~’ m u I t ’ ’  e - l i m - O i t t _ u t m - r e’ml i n  f a t  c m i - ’  ts’t u :;er

a o l  le~c t  i o t _ u  ~- - i s  f : _ u t i i ’ -  - ‘ m m  u s - -c _u -.- hr i n g  ci i s c o t _ u n e i ’ t e’d e_ ur m I: i m -mre e ’ mb  to-; m m m l  t-d Iv
T i h t t m y  \~~~~~ l i r e ’ - ” - , \ — 2  ‘ ( w i r i m i m ’ . 1u u r  seve ’n of t t ’ i r t v — t w o  s ensorn  i n s t a l l e d
_u - ’ :us eL _ u i~~: i - ’ , i i ~

M i r i n g  - l an a i ’ - em - - m u r i e l  ~_ ur im ar i l v  e h u i r i n m ’ , t h e  CCI’ 17 1  mod i f I -  i t  i n n
- - i v  i t ’ :  (P-eu t r , a - I  or t e a r n )  an d  n t -i rrt,,1 ~I ,-\ I r Force  phase inspd’c t ions .  I l ie-

‘ s m : ;  i s~~l~~t e’cl t m ~ t i e ’ f ;u t ic ’ ,mm e sensor e l e c t r i c a l  c - o t _ u t _ u c ’ a t o r  i m m e t ; i I l , e d
in h 0 . 2 , 8 7  i - - a s s  i -n o e l  . I n  sp i t e  of a p l a c a rd  t o the  co t _ u t ca r ’ - -

F i p - u  c - - 17’) , l i t -  p . _ u cii - I was m u ’  I ng re-mov ed c-i t lieu t rcrr tov l ug  t lie c i _ u t u m i e ’ C  t or
c - i  r i o - ’, ci is cn tu t ie ’rt u - m i  I m v  ~erki t_ u g)

I t  Ca ’:tmc’ ap i-i r e’ n t t h a t  the  c o n ne c t o r  loca t  ion was a poor
I s - I i o n .  - - h ; u -  - r e v  i c ’uu s  f a t  i c’,eic senso r  w i r i n g  f o r  R e fe r e - t_ uce ‘I p rogram was 

r ‘eu :’ ’ 1 ( 5 , - m r  I .000 hicueuri4 O p e r a t i o n ) with the connect ion point on t h e
‘ ‘ ht - m I c- i -  I I c- u -h  ad ~a cu-m _ u t to t h e  access  panel .  T h e  lesson to he l e a r ned  was

h~~ t o r  p 1 : u - ~ ( P _ u t  j o i n ’  sensor  w i r  it _ u p and connec t i o t_ us  i’u ui t of high m a in t e n a n c e
t raH ’ ic : u r m ’ .- i s

I I l i - w i  I _ u : ’, m o e l i f i c a t  i c m n  to  t h e  f a t ig u e  sensor lead  w i r e
r’ - m ; t  1 cm ’ a t_ ui1 i - h , -  r i - -a l us ’  e ’ g t a c ’ h i ’  l o c a t i o t _ u  has been de veloped :

I ~‘ Iv  l u - p  t )im’ u - I c - c l  r i d  a l  c o n n e c t o r  f rom t h e  access  j _ u i i n e l  t o
u i - s i r ‘H u t - a  I We ’l l (mo o t _ u t, w i t h  e x i s t  i t _ u p tool  imp ho le)

I )  Bond i u m  f a t  i po e s e n s o r  cad w i r e  to spar  cap (6 inch
id - i  e m i t  1 - ’ f a t  I gu e ’  se’nsc-r) using t-~C 1301) contact ce’-m e c t

O u m m m : i u c ’ d  f a t  iu’ ; ie ’  sensors on M a r y l a n d  ‘iNC aircraft were repaired
r t - ç m  l : i c c - ! .  h - ‘a ’ a i r c r a f t  r a c e  iveel t h e  i- -j r  iru g m o d  I icat ion.

l h i e  ‘ - i x  a i r a r : _ u f t  s t a t i o n e d  at  E ng la t _ ud  AF ’B were tran sfe rred
i n  A m i : ’ , m i s  I 074 , 1 t _ C ’ ) - I ~ , 6’ h ( - ’7 , and 6 ‘369 t o Cr i usom ,- \ ) “ R , 69—6 h I m 8  t m _ u  Y o c u t _ u p s —

- ‘_ us: m • C i,~ (~‘(7fl m~ I I : i t _ u m ’ n c ’] ’ , and I~°—6 ‘171 te _ u Mar y  l and  AN I

-~~ I) CVII I’ , - \b Y P I 8

1 ( i t  n P , ’ d m m  ‘t  j m ’ i _ u

Fat  l o u  u - s i - o c c u r  u l a t a  a c _ u I Iec ’t ed from A—37 f i e l d  a i r c r a f t  a re
pr  -us  - u t  a tm in  m a C i t ’  f or m  F-v A p p en d i x  A (Table  1— 14 t h r o u g h  1— 2 1 ’ )  . h ’ lue ’s e - d a t a
ar t ’  p r e ’- : u - n t  u-e l  t i c  - t ’n s o r  r e s i s t a n c e  change (I)elta  R) which  is c a l c u l a t e d  by
s u i h t  ra i l l u g  s t - o c c u r l i i i h a ]  zero r e a d i t _ u g  f rom c a t - l i  I j c ’ld  d a t a  r ead ing  and
r o r r t - i  t i  i’ f o r  u - - - : I a  r u t  t u r t ’  var j a t  ions ( i -icc Refe rence  4 f o r  FM sensor
t i - m i l d ’  r a t  a r t ’  c a r r o t l i n n  d a t a ) .  A l l  t e mp er a t  t i re  c o r r e c t i o n s  we ’re ’ sma l l

i. t i l t - n  t o n  j u t  i a il - ot ad b e f o r t  - Re ference 4 pr og ram)  and d l i i  not measurab ly
:i f ! ‘ - - c -  t - ; ( - ! i  : ; m  m r it : : b m u u t t s m  et a I t i .
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I - l u - I d  dat _ i i r e ’  p l o t t -  c i l iv I _ u , i s t ’ I - m m - i t , ion t in S  m i m m ’ i ; . i l  - P t~ I

i i i ’  t~~ - - - I  - i l  i b r , u t i u - t i  and - c -  H a t e d  r e - s h u c u t _ u s i -  u i : ; i o ; ’, , u s c : r - u t c h t ’ i - - c i  i - - u n  u _ u
~P ’  tru m. I - i m - ; m r m - s  h I  t l m r m m i ; - I ;  22  i r e -se -n t  t’ l t ’ I c I  m i f l t ~~ p l m m t ~~ i : , - l  us - - t i ’  -

p i t t  i , - - u ; - t . ‘fl ue -~ - r o t c -h  : , i p a  i : m u - , i - , u r e -d  ‘ipe ’ c - t r l i t u t  f o r  u ’ uiP m is mr - - m t  ‘ - - I I_u ,
‘— ; - ; - m m d i , -, C ;  t ’  - - , t - i m u s e  i - r e c i t a l  j i m a - j r -  - “ m u u : -;j s t e ’ i t t  _u-,- i t h  :: , ‘tii c ’ uls ‘ m i m i t t . ’ c h i n i qm-
u s e - el I c _ u i t c ~ I u u l l — - , - o I a  I t - - i  ( l ’ - u r ~~ ;- r o j - h u  2 . 3 ) .

P i t t I t ’ m u i m j S  and (ihse’rv,i i - u i , -

h -’ j t ,’ld  a i r ~’ r o l  I I i t  I P O e  , i u . r m ’ c p - - n - ~e ’ l u-i m ’ i u u u m p i r i ’ d  h i _ u  t e r u m : s  m l
p o s i t .ie ’ n  mi b oy t ,  I - m w r i - I  e - r e n e ’ t ’  t J , j t , i  I c r  - i i i  m d i i  i t  l i m i t  - - r  - u -  c i t  io t _ u ; i I
: ;u - v e ’ ni l  - . : m ,~t~ mu m t i l t s  , u l _ u u m v m  r ’ u ’ I a r e - t o - e-  j i _ u d i n  i t  m ’ g r t ’ - i t u ’ r  - c - v - - c i t y  of
e u n i u l i t  f tc s t r a i n  l u t o t m u r y ’ whi l e- m i n t s  he lm -c ’ m d i i  - d c  l~ - ; ’ —; St - S i  c i t y  - - I
- m u n m u l o t  i c ’  s t t , i  i i ;  l i i  -~ t m m l v  t i t an  t F - a t  I t S i -m o c - i m u t e d  w i t h _ u  t h e  r e f e rence  - l ; m t a .
The f o l l o w i n g  p a r a g r a p h s  d ,m—u cu us ~ 1—378 field -i i r c r,’t f t  s i - v t - r i  1 V I P d  u i u l s
resul t i ng  f r o m  f a t i g m i e -  s -nsor  c l ’ _ u t a .

a h i d  iv  idua l  A i  r c r o t  I t r e n d s

individual aircraft response data , figure ’s 19 Lhi i’mim m l’ I : ‘1 , m d  i e ’at
In e l i v i d e -_u l a i r c r a f t  sensors (RH ‘_u u-t d 1, 11) t end  to  t r a c k  toge t b m t - r .  Ca r l ’- s c - I _ u s s r

response among i n d i v i d u a l a i r c r a f t  at a g iven  F - ass  i s  sca t  t m c e - mt but t e : : - i c  I s
converge as f l i g h t  hours are cumulated . T IH::  p a t t e r n  i n d i c a t e s  lo cn _ u l
var ia t ions  in individual  a i r c r a f t  u i s l p e  s e v e r i ty  and data s c a t t e r  w i t h
convergence on the a i r c r a f t  eser opera t ion  s p e c t r u m  -is th u usage sample
increa ses , which supports t~_ u e assumption t h a t  usage i s  e r g o d i m ’ .

8e ’me - o t  t h e ’ I l e t s  tuat ii _ un s ( s a n  t t e -r )  i n  c -or  l v  se l l s -u n  r u - -- m p d l t u s - u ’

( b e l o w  0.1 ohn i)  i re  due t c_ u s c-ns , m t i v i t y  t o  amn bie u _ u t t empe - r a t u r a  ( t  i c i h u ’ r m t  m i r e ’
a i m  r n - c  t ion app l ied) and s t, ;i  t h e ’ load v a r  m t  i on s  v i  Ut sma l l  r e - s  1 s t  i l l - u ’

- l m , i u i y c ’ S  . imper I c-ct i o n s  in  - m t ra in  and t e m p - - r n  t ure- ct)mp e ’ t _ us . i  i on  I c u t  sm ;u 11
I’M s i ’n s :m r r i ’s i st , i n a e ’  c h a n g e s  m i r e ’  d i : m c u i - m s e ’ d  by Re- I en t i c e -  -~

b i~j~~m r a i u u i a 1~~~ as e T r a t i ds

A var  t - i t i o t _ u  o l  s , ’V t  r I t y  be twee n base -s (mu r - r u t  t m i s e r s )  i
t l u l m , I n t - u i t  by e x a m i n i n g  Fi gures  I t , throug h 11 . I-’igure 22 shows mcd i i l
r esponse - lines I or t l~~- h i r e - c -  b ;i~~t - s . Bmisc’ ~ a r e  l i s te d  in  m _ urd e r i _ u I  de- e’ r e- ,is l i _ u p
saver i t y :

BASE h.’C E R

Eng land Al- B (Gr i ssom) TAC
Mary land ANG ANG
Ba~~ksda le AFB A FR ES
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l’ n u m p m m  r I i - -~~~ c i t  I m i t  i ~pi a ‘ - u l i s - !  re-s putt: - e- si t~~ ) st  No n c- i a i _ ud a i - , -~ -

t i  l ie ’ S I i~~~it  Lv  t m - O s  t Itafl L t i g l , m n d / G n i s s o t i u  m i n d  I i ; i r k s c l t i l c- I i  be- c m - l u : ;  j m l a u ’ , u i m l  -;

I ass I i~ i i i  I , - - t  I i  o l  I S a  c u t  m a t ’ h a u t e - t m . ‘l i i  i s  He ’\ ’ e - r i  t y  t r e n d  is  t i m a  mi m i s
H i t  c i a v a l ’ I _ u e -iI l i v  Re’) e u~ -nce ~3 l i t iC ) i l a  se-m iser in stru mneim _ u t,,- m t i o u . ‘m i t- _ ui> lI me

i’ u ’ t i c l O t I C  ec u _ u ; j u ; t  m i t t  W i t  i i  s e - c - d e l i  i t t  i I , o ; i , i g c ’ n - i t m S  d eve loped  by
i - u - t i - n - - u t -  - ~ I~~~~- ’-~~- ( h - ’ -  F i gur e ’ 2 2 ) .

c Ci to Lii i / l o g  T r e n d s

A c i; t m l , J i ’ison n I  I-UI v er s u s  LII  se-i _ ut -- mui r re-spot _ use - slim -c- s littl e bi as
i t t  c l i i i ;  L ; i i ,’ LII  s-jug t e n d s  to  l i e ’ s l i g h t l y  hi - t It e r at all bases.  ‘ibis data
i u i m J L a , i t t - O  t b -  emIt S C I S  c u t  u n sy m r n e ’t r i i - m i l  lc_u a d i n g  and f l i g h t  m a i _ u e - m t v u ’ r s  arc’

I ~~~~ I r a t i l  sp ot’ strain Iiis t , iiu’ v .

P I i  I I  A i r c ’ r mutt Versus Ful,1—S c:mule ,- ‘lest

l” i p u r e -  22  c m m u m u p m i r c - s  f u l l — s c a l e  t es t  c a l i b r a t i o n  d c v e - i o p u - d  by
F l - m i r e  1,5 with I I e ,’ld i i  r e m I t  response - at  t h r e e bases;  the  Ic-s t  is more

-‘c ’ , a u ’ t ’  t h i t i i i  i l l  I i c l d  m u r c r a f t  m i p c ’r at ion s .  T h i s  same trend is indicated
Im v -; c r ,it cli p - i ~~’, c ’ d : u u : m m u p c -  r a t e s  d euv e i op c -d by Ref c ’re i_ uce  8 p r o g r a m  (see ’ F i g u r e s
2 . i i i  

e F i e l d _ A i r c r a t ’t V e r s u s  S c r a t c h  C-- a g e Prod id i o n

F i t i gue se nso r re sponse- on t h i d  a i rc r a l  t is  p r e d i c t e d  u s i ng
t h e  m u ’ ,isu zre’ d s t r ai n  sp e c t r u m s  f o r  A—37 o p e r a t  i c mn a l  usage developed by
Ret  a r c ’ i u c e  B se c - i t c h  cmt ~.;a data  e :ollect  ion. The measured s p e c t r a  f o r  c’mic : h

0; r u t  i i, u i o l  b , i s e  i r e -  de_ u comc ’nt e c l  b y A p p e n d i x  B and pr od i c t i o i_ u s  a re  made
ui ~~i u u y  t h a  t r a i t s !  c r  fu n c t i o n  and t e c h n i ques d e s c r i b e d  fo r  h its f u l l — s c a l e -
t i ’ - .t ( I m u u - i - , r - u p l i 2 . 3 ) .  T h e  r e s u lt i n g  p r e d i c t i o n s  are  p l o t t e d  b y Fi gures  19
I i r e  -m ~~’ h ,i 1

I’ r~-m I I c tt sd  re sponse  f r o m  sc r a tch  gage spec t r a  compares  1 av o r ab iv
with o a t u m i l  I i t  ig I ~ie se- ns m ~r response  a l t h o u gh  j )r ed i ctc ’d tends  to n u t _ u  si i g h t l v
h - C u r .  I t ,  should be u u i _ u t e ’ c l  some bia s may e x i s t  in th e’ scratch gage spec ’ t r mi
i-i l i i i  e- I F - u t  c - f l  ar t  was d i  r e e led  toward c o l l e c t i n g  an adequat e ’ sample of
u - i -  I i  signil H ut i c u l i  u - m t i i r e -  l o a d — m i s s  j ot _ u code ’ c o m b i n a t i o n  used by mu p a r t i c u la r
h ose’ ( l t ’ l  eretie:c 8); t h e ’ I m i t  i gue s c- n o u n  d a t a  is based on the  store load—
I t  i s s i u l i  code d i stribut h u n  used by t h e  base- during the data collection pc-n od.
T l i i ’  s c ra t c h  p, o g t - data was u ;mm lIc ct ed during t h e  first nine months of 1973
which ac~ inc ide u. with the I’M Im it igue -se nsor i n s t a l l a t i on  and i n i t i a l  data
c o l i c - c t  ion.

Rt -f e- r enei- 8. — “Fatigu e Damage Rates of ’ Individual Mission Type—Store Load
G tu tufl gurati o n ”, Cessn a Report 318E—7419—028 , 13 January 1975.
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A t u c i t l u e r  c o m p a r iso n  C u t~ o e r i t e : h u  C o m , i ’  p re c l  I i t  i l l  v - r um s f a t ,  i C - t i m -

sc m _ u s e _ u n  , i u t u , u l  r c - spon se ’ was made by R e f e i ’u ’ n m c- 7 f o r  H u e -  — 3 7  - o u m ~~~y m i l l .
R u t h  01 t l u c : s e  c ’ m i S C S  (Reference 7 and t h is r e po r t )  t end  t o  den_ uo u_ u st r:u t - -

i t  i R i t e ’  S e ’ i _ u S m > r r e- s 1_ u miri cm u ,’ on I ic-id a i t’ e r a f  t i s e o np a t  i h i  e wi  i i i  t h i t s mt me - o -a r i - h

~ t m a l t _ u  s l _ ue - e : t rum 0!’ t h e  sc r t i t c m h u  g a ge .

E FIELD PROGRAM RESULTS

a) S ix t een  a i r c r a f t  a t  t l_ u r e- c- CONUS bass-s were > i n s t r u m e n t e d
w i t h  two Fl-i f a t i g u e  se ’ t _ us c _ u rs per a i r c r a f t  on t h e’ lo w e r

i ront spar .

b) Collected 13700 h o u r s  of data during thirty—six m~m - m _ u t I m s .

c) A compar ison  of f i e l d  a i r c r a f t  P a t t i  w i t h  t he  I i t _ u m u l f u l l —
scale test inci icat es the test is mere- seve re- .

d) Usage severity trends per opertuti onai F - misc -  a r m ’ i n d i c a t e d
and are compatible with scratch gage damage rt iteo ic r
h tu  set .

em) Predicted fati gue sensor re-sponse us l i_ ug 0 ;i , ,’ , i s u  r d  s- ’r , i t, e l m
gage spec t rum compares f a v o r a b l y w i t h _ u  a c t u a l  l i t  j ) ’ m i -  s e n s o r

re sponse per base.
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SI ,u : I l i  t:-~ iv

h - l b - C_ I )  A l l - : C C A I ’ ’t I , u i ~d ‘l id-i l N : ’l ’ALI , , ’t ’l ’ I m m : _

I :. ‘i iF m i m i  I I  m i ~~

‘I ’h c C a l  e ’ r m ’ i _ u e t e ’ 3 p r o gr t u n i  i l _ u t - _ u t r u i u u e u t e ’cl s i : - : t e i ’ u u  A— i7 t l  - t i r e - r u t  I: u t
I c e ’ t , UN S m m i u , e ’s c i t  h i  I - m r D e n t  ronic R A P  l m i t i g u i e ’ s e - n o m i r s  c - m u c h  m i n d  m o n i l e - r i - i

t i m e - s e  so nse rs t rot: 2 - u  , J t i 1 - ~ 107 1  t i m  3 N o - , ’ 19 7 2 .  ‘ I F - c ’  D e n t r m - u u i c :  C m l ’  s a u _ u : ; a r
5, 1 0  Hu e  ;_ u i ’ i t: m , i U ’,’ I i t  i g u e ’  m e - l i t - b r c-v a l u a t e d  by tIme u n -  inal lie ’! e’ ret _ uc e 3
p r - s  r , i m : m  s -h i  i I c ’ t l ie  c u r r e n t  p rogram is eva luiating th e ~ i cro— l-leasurem ent GM
‘—e m _ u o -r. l i eu _ u - -e v e r , several of the orig inal Dent ronic  sensors have been
r o n u t o r e d  by the u’ii rret_u L program for an additional twenty—four mot _ uth s m i s

a ni+’im-u m ire of sensor longevity .

8 J A 1 C \  COLLEC’l’ION ANt) ANALYSIS

‘ l i m e  m a j o r i t y  of o r i g inal  D e n t r o n i c  f a t i g ue sensor s c e - r e - made
unusable by a ir e r a f  t transfe ’r or removal to install new - ‘N f t u t  i c t u i u ’ se-i _ us e - n o
mis  n o t e d  by P m u r m i g r a p h i  3.2. However , hour outboard sensors m u m  f o u r  a i r c r a f t
‘-c u -r e l e t  t, j I ) L , l e ’t ( F i g u r e  18) and have beet _u n _ u c _ u t _ u i t o red  in c onj u n c t  ion w i t h
IC- ’ s e n s o r  d m u t a  c o l l ec t i on  (Pa rag rap h 3.3.3) . No f u r t h e r  1) cnt r on i c s  da t a
W , i S  c a l  I c - s l e d  [u l  I c i e s i n g  the  i s suance  of  Lh e_ u i n t e r i m  r epor t , Re- {u - r e ’ t _uec ’ 10 .

Data c u > l l e c t  ion and anal y s i s  methods were cons i s t e mn t  w i t h  those ’
mi e:se:r ibed by Refe rence 3. ‘fables A— 24 t h roug h A — 2 7  l i s t  D e n t r o i_ u i c  se -ns e _ u r
d a t , ,i - mv - i  i l ab l e  I or the total pe riod and I-’i gure 23 p lo ts  t h _ u i s  d a t a .

I - ’ i t ; m i r e ’  2 3 shows t h e  lJe’ t_u t n c _ u n j  c sensors  have’ m d  h e a t e d  m cm lm ,’mislcnt
re : I u u i s a  t r c nd s  t o r  a p p r o x im a t e l y 1000 hours  o p e rat i o n .

Au a d d i t i o n a l  measure of f m _ u t i gue sensor l ongev i ty  him _ us  b e ’et _ u
d c ’v t ’ lop e d  by thus Rd c -no ne s- 7 p rogram where  I ’M I t i t i g u e  sensors have- i n d i c t i t e d
l’ e m t i . 0  j o t  c _ u i _ u t  d i i i t r en d s  f o r  1000 hours  ope ra t  ion on the T—37 lu s e lmim e’—
m u t t  p e t  u _ u i  ,,; t -

A— 17 sensor installat ions at the’ t h r e e- A i r  I - o r e ’,’ h m ~~m e ’s e _ u f

Se-ct  u - u  3 (Liug l and  AI”l l  m u rcraft now reassigned to thre- e - base’s) h Ive a l l
e u i u i u l - u t c d  a p p r u - : - m  i n c i t e ’  l y ~O00 f t  [g lu t  hours .  In a d d i t i o n , u n d e r  l a b o r a t o r y

m - u m n d  i t  ions (s ee ’ R e t  e i r d t u a e -  4 )  , approxi mat e 1 y 50 p e r c e n t  ol t h e ’  Sense)r O t i - s t  u - , I ,
p e r  t i m  r m m u - d -m , _ u t i si mu c i -mr i i  -; throug h a cyt ’ I t ~ life’ e q u i v a l e n t  to 10 ,000 t i  i g l i t
hour s or  u i - - r e . In  v i e w  of H i i s , i t  seems l i k e l y  t h a t  t h e  g r e a t e s t  h i a z a r d  to
t in :  l o n g e v i t y  of a prop erly design ed sensor i n s t a l l a t i o n  w i l l  be i na dve r t m i t _ u t
lie u l i , u u t  I - ;,i  1 m I , _ u i t i , i~~e .

R e t  t ’ r e t i e : e ’  10. — “ Fat i gue Sensor Evaluat ion Program I n t e r i m  F u l l — S c a l e  Fat i~ ut
he- u - u t and Field Aircraft instrumentation Report ”, Cessna Reporl  3 1 8 E — 7 4 1 9 — 0 3 9 ,
31 October 197 + .
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01: 1: - I - I i : :

l L L l i  A I C C I : , \ l ” I l , , ’m C l ) I C m ,  ( - l - ,- \ R l N C ’ 1 , \ l , I , , ’~ I h m t C

A F I : , i e m 1 C I I i

lt -N t , e I j 1 ’ u l a  - a i _ u : , o r s  w e r e - i n s t a l l e d  ‘ u i  , \ — 3 7 l 1  f l e ’ l , d m u i r a r m u l  I
m : i e l m t u : ’ g u  j r  ~ t i  - i ,  t u r a  to  m o n i t o r  s~~ver-i t~ ’ of O l _ u p r a t  i r _ u n a l  l o ad s  r e h ; m u  i y , ’  t o

— , ~~ 

1 1 ~~~m Ut  U f u t i  i c  t e  s t  (Rc f e r en c e  9) bt ~o i _ u r c r i f t  ( S /\  6 9 — h  j 7 1)

~~~~~ 

m t  u _u ) l , u m m  ~, m  I t ‘sees’ i l _ u s t r u n m c m t _ u t c - j  a t  f o u r  l o ca t i on s  i d e - n t  i c a l  t o  t his--
-~~ e - . m i m e n e  l o c a l  l o m _ u s  we ’r e ’ s e l e c t e d  to m o n i t or  s ide m i t _ u P  d r ag  1 - a i l s

0 e mi e -

h , c m e ; u  I, i o n
(I) - l i - i -  ‘ ‘ I ’ m ’ - 0 )  - l c i  1 1 Le m _ u d Not _ u i t o n e d

C 1 , 1 (L I I  Mo l i _ u )  2 .5 Drm ig
I o:-t i. ( 131 : -i mu i n )  3 .0  Si d e

2 ( M m _ u s e )  5. 0 D r a g
t F i  (‘co se~ 2 . 0 S I - , I u ’

hi D VIA COLLECTION ANI, ) ,\ N A L Y S E S

A — 3 7 5  l a u _ u d i n g  gear  I m i t  igue- t - m e ’ l _ u s i _ u r s  we-re- mw_ u i t o n e d  i t _ u

i ’ e i t _ u j ’ i s c  lion m- ,’j t ,h d , iu - i  c o l l e ’C L i O t _ u  f u r I ’M se n s o r s  j n~~t a1 l c - c l  on t h e  w i i l b ) o p m u n
( c - c t  h it _u 3 .0 ) . : c i e s _ u  - i - l i e - c t  i c _ u i _ u  u n e - t h u c u d o  w e - i c ’  s i m i l a r  to the  w i n g  spa r
c - ; - : - - ; - t ~u t o r e-  p u ’ s ; -  p i e - h i ’ was  used  1 m m  a o u u i _ u e a t  Hu e  r ea d o u t  i n d i c a t o r
( s l i t i t h - u r  I -  C u ’ l u i ’ m ’ u i e ’ a 7 c l m u t : i  c u l l e - c : t i c m t _ u ) .  T a b le s  A—28 mind  A — d Y  l i s t
I m u t i c l i u m s  ~‘, m - , u i ’  d : c t  , u col l e ’ m t ee l . As w i t l _ u  t h e  h ) e ’u t n o n i c s  W i n g  Sh_uar Sot_usors , l i e u

u l m e t m u  m - : , t : -  m : c m h  m e c t  ad  i i  t u,’r j S O C i , i i i u ’ e’ c - f  t h u  l i u t e r i n i  r e -por t , R + - { c ’ re ’ i _ u e a  10.

i t - j  gII r e t - ,  24 and 23  m i r e  eom p ar i  soil p 1 cu ts-i ol  l e t - m t c - m I I i b r m i t I m m t _ u  m i t _ ud
t a l e !  ,u i r a r m i !  t r e  ; s - u m o a . I ” j c ’ l cl d m u t , u  m i r e - f r om Tab l e - s  ,\ — 3 8  and A — d Y  w h u f l e

a m - m t c - m i I b u ’ - u t i m n  I s  t r t n i  R e - I  e r - - l i c e  F-

As ni  t iud i c o t i m u l l  o t  i m p e r t i t i o t _ u m u l s e- v e r i l y ,  I i c l d  a i r c r m u !  t c l _ u t ~
— -  b u i m I t i t mm m i r e ’  c : o m p t i r t ’e I  i l _ u  I a i ’m m io c m l  p i u s  i t ion m _ u h u c u v e ’ u u n  b e l o w  I lie t e’~~t

c a l  ibr m u l ott curve . P o i n t  ,- ; t i b u i m y c  t h e :  c m i i  i b r m u t i o n  m d  H - m i tt ’ g r e a t e r  se-veri ty

w hi i 1 - - I t t u i n t s  F - t - h e w  I t i d i c m i t e ’  1- . - m m s  se ’v e - r i l v . ‘f h i e ’ :, u : m o l  1 samp le -  i _ u t  f t i - i cl d a t , u
l i m i t s  I i i - - m - u I i m l u r i s o n  t a m onl y - u  g en e r t u l I n d i u ’ - i t  i o u _ u ; t r en d s  sh o u l d  be
j m i d u ! c - d !  i c  c u r e l  i t u R l y .  ‘I ’ h u t  m l  l c u w i i u g  t r en d s m i r e  summarized I’ roiui d a t  m u

- ;~~u I i  - ‘ m u m :

u )  l i e - I d  m m i r e : r a t  I ( t r a i t _ u  i n 1 ’, o h m c ’ r m u t  ion) have- h u i ~~h i e r  se ’ v e ’ t ’ b t y  m ’t
dr ,i1’ l m - , i - ! s  t ,~~ h , t m t h i  l i m i t - i t -  mmd m a i l _ u  F e m u r  t h a i _ u  th e- t m i t  igut- t e ’~~t

b )  I i t id  ; i i r m t , _ u I t  ( t r m i i t _ u i t l l -. t m p e - r m i t  I t i i ) I u : v e ’ h c m w e - t ’ St Ve t• l t  V c m l

u-u i ti c ’ I u mmuuj s u - u i  hot  hi u uu m t u ’ m i n d  f l i t i  i l l  ) ‘ m ’ .i t I, b i m i n  t b i e -  f i t  I go- - I -

- ‘  - ~~~_ ~,fl, • ’-’ - - - _____‘ .. ‘~ 
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A

: I i e ’ u - - ’- l c ’ - i s u u r e ’ i m u c ’ i i t  I ’ M “ m l  i g l i e  5 e ’ m m ~~t - i m -  ‘ - ‘ - u i u t s t , 1  l a - I  m y i
~ rw,ui ’ -l I- ,i u i o I i it  i ui mt ‘I mm i t - , m - I ‘m m i i  I I - ‘ ml , u  I r a  r i t  u s  m - - u i !  - I I , , -

l _ u a t a r e ’ u _ u c a  C ; - i - - : - i ut ~~. ‘ 11 m m ’ m m _ u - I  m u l l  i _ u  i e _ u u m  s - s _ u -  m _ u u : e , l a  m u  t u e - u ’ ;  ;- r - ’ eIe ua t i t - i l  i n  l i _ u t
7 (—l u o -~ Itu i ’~-c ighi / 3 _ i t m I l mi nd 7 3— I l l _ u i ‘ m d  / ) — 1 l ) I  i i i  e s i - i m l i l t e  i - m m  m- ,’ H t  f o e
i t j o I j I I , i I i s _ u  i m l  I , i ! e ’ l i ~~t , r ’ ,’ F ’ e c u i ’ I e r  ‘ q m u u F : u u m - u u t  m t  t i S -  ( “ ‘ - s l u m F~t , I 1 , i -  - -

P i v  i s  j e _ u m b . l i me I m m e ’ m i t  i e u t _ u  0! 1 h u l a  s - n m - - u s  ( m a  l I H t  u - ~0)  t i ,  ~! t ’ i i _ u  - i i  t -
e m  l i e  - - I l i c e  I N m , u ’ i _ u : m m m u ’ I e m s ,  i t  l i i i  s u s e  i I u _u t i & -  I - m t  - - I u g e - — I  : 0 - -a n t i  m , - - - ‘ u I I -

l a S t ( !~~a c ’r u i c e ’ 1)

B L u A u , -. C V !, I . i  m I - - . . S C ! )  , i i : , \ 1, \ S L C

l) a 1 - i  + ‘ i - 1  1 ,  - - t l ou w:us a i u m u  Her t i m  m a  i t ,  - i I i iuc l s :~o - i  I t .m r  I i -  \— I CR
S b - i l  L i i  , t , e I  l i t j m m t _ u , u ’:-: - - t  t, l u , u t  a C , u i m m i e m t i  l ( , i d l - — ,’ i — l l ’ F  u mm i u _ um u u cur ‘ t m  ,iuid

Tn/ I ’  H i i u ~~ ’ u - i O c i - e t  Se i ’ c’ i ,~~ -d I mir c- , uc h u Sc ’fl_ us u !’. Hme’se’ v- - r i u:i , im li eu ’ , c ‘ - s i l u l m ’  t o,’
l I e u -  r e - u : , e m ’,’ , e l  ol , u  s t i _ u g l e  iues pc c : t i -u i t i  I - - m t c ’ eI i uu Hue 1--rs- ,urd - b el e ’ i _u i

i - s u m  j m I i t  l l u g  ( m u  e’ I” i : t i -  2 7 )

‘ I ’ Iuc ’  I i m m u u n t  c u t  I l i e  R h I R  l ’ u ’ ~ - m ~ u ’~u I t m  5 i t -  S iS  Ii  H u - , t  t m i m ’ mta s’ u m o m i l ’s sm -n

not i m i s t , i I  c m l  u i u i t u l  t h e  ,, - ‘-, , ‘ t , t m - l  l ’ — \ I m m i i  l u l l ’ ) I I m m ia ‘ - -  u i  I .  No to- - o l i n _ u ’s
w a r m -  t m u k e -t _u m u t t e r  ‘m m - m i s t  1973 .  I t _ u  , uul d i t i o um , t i m l s  i i m m t t , u l l m u t  I , - ! :  sos ‘ I ’ - i g i _ u e ’eI
b u S  mi h u t :  I c _ u r n  i n s t - i  I m i t  j o t _ u  m u s i m _ u g  t h u  c u l l  c - o u m i l u i r ’ I  j V ,’ ’ t e ’  \-‘ e ’ t ’ i t V  i ’ O i _ u m ’ m I u f
‘l’u i e ’ r a i m i r m - , t h u t :  r e _ u s i s t , u u u c - , ‘ l i , i l i m t -  J i l i  w i  i l m u h _ u h e - i ’  ne _ u t s i g u i j i  l e a n t

l i m e  u t i u u j c )  I i t t i u t g  1 . 1  i i : u i e -  s e ’ t i s e _ u u  c - i l  h r , i t  i _ - u i  e ’ m i r ~ ’ e ‘m i s c - P  i l l
I m u m , a l , u o c ’— l r’ : l u - u u m u u t ’ e  I m u l l  C e , e l c - ‘l ’ i-o t e l ui t m u is m m i i c _ u w n  f e u  ‘a t  at ’ m ’ I m ,  e 30 I- ’ i g u i r -  28.

‘ ‘ u _ u m p i n i s i - u i  0 1 l i i i ’  , i m - m l l t i b h ’ t i c - i d  d i t m u  w i t h  t I m i s t - u u r ~ - , ’ i t _ u P  l i - i t  c ’S

p t - i - u s ! !  I I v  I m e t  I i t id  ii  - m m - a w i l l  h~ - l i - o s  _u-; t - v u - r ,  t l ut i t _ u t i m - - I , - - m t  s l u m - c t  ‘ i _ u _ u i . 

—
—

‘ ‘ —
~~~~~~~ -—‘ - -- - — — -

~~~
—-——- 



ol -

- 
~~~~~~~~~~~~~~~ 

1 . 1 1 .

— , - - - - - ‘ .1.. - 1 . 7 1 - u

— 

m~~~~

Figure 26
Fa tigue Sensor Installation — Forward Banjo Fitting
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l m F  I’ I f

~i - _ o i  1 _ ’I ’~ , -, : : l m  ICu _ u :;t , b _ 1: l ; I u ;~~—

A WORK EFI- ’ORT CONPLE ’rEI )  , ‘,M ~ - ‘ : :- ;i ; ‘ I : -;

1 W i n g  and Cm ir i ’v— ’I’b ir u A l t  m m  I c

a )  in s t a l l e d  t o t L i e  e _ u e ’t m _ u u ’ u s - i m em i g m m t e m e - u t  i - m i s  ‘ m u  j : m m e l  I c u l l
sc a l e  s i ng  t iP c : ; i r r -  — m b u u  m u  i t i  i g u i c ’ ‘ - :41 - i : _ um t ju ’ V e l o h e i  ‘ 1
cal ib ru_u t i c _ u n  r e -5 1- e i t _ u S c ’

b) Fa t  igue s e _ u t _ u s e r  re s~
m e u - b ’ m - - I F - ’  - i t  i t - _ u e ’ u t  St ’ s- - m t

1. It - j i_umu l t e s t  ( t r a m m i u u u : m  _u
~bs’ L niute ) I , - ‘ m e  m t - c u e ’  t h a n

p r e l i n _ u i u _ u a r v  t i - st  (c - m t - F - m i t  sp ent r uuji) u t ,  — 
- w i r _ u g

roo t lower ,— u r l  a e

L . Lower w i n g  m - m i u i ’ t m i , ’ - It- ; m m -  i ,  Sm ’ t -’ e ’ _ u e ,  I l m u m u  c t , ; - ,  I

s u r t  b / em s-- .

3. Lower I r u t _ u t  s~’ e r , a’ . F . 9 1 • 5 ( 1  i s - i  t h ~ 0 c 5’ l  - - m v- t i r e ’

l o c a t i o n  ( p r  h c u r  i i ’  h e e l  — m u ~~- )

c) Dev eloped cmi ii brat ion re -s~s’u: - m c  I o r  m ’~ e u m m p , e  m’ i , s ,u u  I, cu I i u s l d
a i r c ra f t  in st  rut ’iu e nt  e e l  - i t  W . S  . 5 . L i -  - - s . u I l e n t  —g m ir.

2 Fi eld Aircr mii t

a) Installed I’M ! m i t  i g u u , ’ seru m_u i - i t  tIm e win’ , r~ m s t  c_ u t_ u _ u - m h x t c’e ’i _ u

A— 37B fi eld ai re -rat t ,u t  t i i ’ m ’ , ’  I t ~ u~~u - - , i m  c , -so i I n a  t e c h  d a ta
on mu quarter ly b m u s i s  f u r  H i  i l l  v — s i : - :  n u o i _ u t l i s .

b) Continued m o n i t o r i n g  l ) e t i l  m e - i  - m , c ’ u i m , o r s  i n s u  i t  1 , - I

• Refe rence  I p r o g r m c u u i in u - t ’ u i j m e m . e : t  b - - m m  w i t h  I t m ’!’ ( m i )  i l a t m i
c o l l e c t i o n .

e’ ) Cont in ued m o n i t o r i u u m :  l a t _ u c h i u u g  g ear  Se m m — s - r _ u~ u _ u - - I - u I  led by
Refe rence  9 program iu u t ’ m m t i j u u i _ u u : t m i i i  w i t  I t  [let-in (u 1 el :it a
co l l e c t i o n.

d) Instal led and moo I t - - r t ’ I ‘ c i i i  m u  f i t t I t _ u g e m i t S ’  u ;  per  Re fe ’ret_ uc e
2.

e) Predi cted l a t i gue u u u - u m m ; o r  u u ’ _ u - i - ’ - i i , i -  e u s i u u - ._ u - - u , L  m m m m e -e’ t r a
measured by um u , - n h u t i m u i ,  m l  - u t r m u i t u  ‘ m u , - (sc r i c h  : ‘ u _ u ’ u ’ )

SI
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l o t  I m m i i ’ a ’ - m u - - - ’  i i ’’ ’ ’ ,~ - ‘ mi m e u ’ol m m l_ u u r i _ u m e i u _ u  m l  i _ - W I ,

!. I o t i g u e  t e S t  15 ! m m m r e  - ‘t m ’ vm ’r, ’ tho u_ u i _ u p e - r e t  i m - u m m e [
- u i i ,  i ’ - i t  t at  ( I t ;  - S i  i t ’  r — ~m L

‘ ,ec ’ m r i t ,  i _ u i  - ‘ i e a u i t l m m u , i I  m i _ u ; , i _ u : i -  v i n es w i t h  u - , u e : h
m u _ u  - : it ; - - - _ u _ u t - u m m ,  u i m P

I .  - , i L  gu c  S e - I _ u t - _ u i i r t - t  l i m i t - i -  i t_ ud [ c u t e _ u P  c ’ m m u u a j s t e t _ u t dat ;i
t, re- n m ! a t i m  r 101 ,11) I i i ~~i ru _u I’ ield m_ u Ire’ rmu ft I m b ue- rat ion.

• e u ~ ie~~ , u _ u_ i e - u u , i ,1 [at_ u P i t u g  g e a r  d r u g  loads  m i r e ’ h i g h e r
I t _ u  S- v e r i t y  t l i a m _ u  t l i e  lo t  i _ u ; i u e  t e - t - ; t ~‘ l i  i i  e siPs--
I emtiP s er . - I utm ’ S e ’ r i t _ u  s e - y e ’  r i t ’  t-’ ba se d on mu 1 j un 1 t e d

t u f l u c m u l u  I - ‘ I  eLm t a _ u .

5. h’ r e - i l l i - L e d  I e L  i gue  s n - u _ u s e r response  u s i n g  mu
In c- u m u  r e - il s I  r mu i n  s pe ct  rmim com i_ u mu r e _ u -_ u f a v o rab  I v  w i t h
- u - t a - e l  respeense .

LuNge , SI  I (N h

- c ’ u i ’ - m m r  m u p p l~~c m u t  leOn t i _ u  u_u i r c r z _ u f t  s t r u c t u ra l  f l e e t
:: ue ’ u u i t , u _ u r i u m m ’ ,i, ’ u e t ,  i u e m m e - s  t i m  sh i cu w pre m ise- :

u )  i t  i S a  5 ’ u S m i l ’ u i s e u ; e ’  seven t y  t r en d s  are  c o t i s i s t e i _ u t
, i m u , 1  c t - l i m i t  i F - I c ’  w i t h  measu re -P  s t r m u i n  hi i s t o ry  d a ta  on
be L t  I u I l — s e - a i m ’  t e s t  m u n d  o p e r u u t  i e u n u _ u l  a ire raft.

b ) I , m - u i g  I t - m u  d m i t m u  i - c l lc ’ ct l c ut _u i s  p o m - m s i b l s - -  w i t h i  minimum
a f t  o r t  r u - m g i  i re -cl ; coot-i 1st c u l t  d a t a  t rends  have  bee t_ u
i t iP  u n m e t  c-il f o r  1000 h O u r s  i l  pc rm i  I ion ot _ u i n d i v i d u a l

a i r - r u  t .

n I F’ ield mu i r i m  r m u !  t i t _ u t-u t rume t_ utat I on and d a t u m  c o l l e c t  i c _ u n
m ’ , u u u _ u u ’ P  t n i u i r m m u m  mu ire - raft dowt_u t imc and p r o d cu c e d  mo
F - c u r , ! ’  - m m  mm users .

I: l:c :u)M:lm-:NOA i iRiS

I I i i -  p r m m l ,  r i l l u _ u m cov e - re-c l h)y th u s re-port we- re’ eb eve ’ loped using the
da tmu compar i son method of d t i l , m u a n a l y s i s , I.e, ,“th is d ata is more (or  less)
s av e ’  re- t h a n  t 1w re- I c - r e - l i e u ’ dt i  t el  • ~ I nec t l ieu in i t iat ion of  t hese  p rug rams ,
u m u c m r * ’  , i e I v , u u u ,  c c l  t i , - t  l u m P s  u _ u t  t i m u t a  t u l u - i ly s i s  have bec ’u_ u de ’velop cd (see Reference 1).
Sh i es - - u m e t - Ih ods ,u r e’ c u t s - i l )  I * ‘  c u t
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m u )  E s ta b l i , s h ii i 1;  u _ u n  a p t m r o - :  li_u_ut_u Ii’ st  I i  i l l  c S ,  m s - d u n c e  e -  whu i t - h i
p r o d u c e s  t h e  same f m _ u t i guc -  c l am m t m g c -  u -  H i m  m u m - I t _ u t _ u i s t r a i n  I t  1 - _ u -  u - ,~
( E q u i v a l e t _ u t Ex ce e d an c s-  I h i  st  or v  ‘- l e t  e m i d

b )  loP i c : m u t i t m g  d i r e c tly  t l u e  t a l l - - s e -  d t u m m e t i : m i -  a ce  , _ u m ’ i l : u  t m - e l  F -v t i u c , -
i n s t rum e n t e d  s t r u c t m m r c ’  ( D l u ’ i- a I h-_ u_u- l a m -a ‘- l e t  hod I

Based on the a v a i l a b i l i ty  of these  da t a  a n a ly s i s  m e t l e c i m i -m , :t  is
recommended tha t  the f i e l d  program I-ic’ r e d i r -c t e ’mI as f e u i l e u m - , a :

a )  I n s t a l l  f a t i g u e  sensor s  on a s amp le  of l h ,\E  C o u e t i t _ u e - n u t a l
t t _ u i t e d  S t a t e s ’ a i r c r a f t , p r e f e r a h _ u i :~- a i r c r a f t  w i t h
opera t i v e  L i f e  H i s t o r y  R e c o r d e r  and /o r  cc ; , c i _u u _ u i i i ca l  F t  r a i n
R eco rder i n s t a l l at i o n s . ‘I ’hess-- w o u i l d  b e -  r n u i t  l p lc -  _ u , e _ u l u , sOr
(2 sensors minhxu_uenn, 3 re comm e d ech ) i n s tm i l l a t  io n s f o r  asc I i

s t r u c t u r a l  l oca t ion  to be m o n i t o r e d  , and w _ u u u l P  l i tu . cm a
maximum spread of sensor multip lier _u ; coti:;i,—t te u ut w ith t h e -
expected range of operat Ing strains. This t - -,~’e- of L nm e ,t al_
l a t i o n  would he s p e c i f i c a l ly  d c-s i gn e d  f o r  t i m e  I - q u i i t - - ,’ ul e n t  -

Exceedance h i s to ry  method of d a t a  ana l y sis cl c- se - u ’ i bed  i n
Reference  1.

App ly th ie da ta  a n a l y s i s  m e t h o d s  and c o m p a r e  r - ’ m - - m u l t s  w i t h  1 , 1 1  cm
H i s t o r y  Recorder  and M e c h a n i c a l  S t r a i n  R e c o r d e r  rem-t i l t s  fo r
field verification and applic a t ion ref it_u et’u m e n t .

b ) ins trument all current production run cu r d  r a f t  w i t h _ u  F a t  [g l u e

Sensors wi th particular en_u i _ u h u m _ u s i s  on a i r c r a f t  s c h i e m l u l e d  f o r
t o re ign  m i l i t a r y  sal es.

1. Install multiple sen simr s on mu samp l e -  i - f  ea ch _ u p r o b a b l e
f l e e t  g roup ing . These wou ld he m u s e d  w i  t i m  t i _ u e  F qm u i v ’_ u l e n t
Exceedance H i s t o r y  d a t a  a n a l y s i s  m e t h o d  01 R e t  e l i - l i c e  1 I ’
e s t ab l i sh  t V l )  i i ~li1 I l S i _ u t’ s- sp e n t  r ’ i u l i m m

2. I n s t a l l  a s ingle  sc _ u n sc mr  ou _ u a l l  sm u c: h _ u i i r c ’ i ’a I  t. l i m e - se would
he used in c o n j u n c t i o n  wi t i _ u  I tie I ) i m  i s  I I ) aniag, e ’  P a t _ u  ama l vs i  s
method of R e f e r e n c e ’ I . T h i s  wc _ u u u i d  i e r o v  l e h t ’  (wi  t h u  t h e
informa t ion from paragraph a)  a comp l e t e  I 1 * - c t  t r a c k i n g ,
program if it should he r _ ue a- c h ed , I c _ u  a i d  in t i me - d i s p o s i t  ion
of f u t u r e  s t r u c t u r a l  i t i t e g r i t  v problem s , cu r to i _ u e _ u l p  formu-
l a t e  inspec t ion  p o l i c i e s .
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m e lit ~~ l 1 :-s _u i i i ’  d a t _ u i  a t i m l l v t - t i ,s t i m e _ u t h u o d s , t i e s - ’  f o l  i m , W i I _ u t ’  r e_ u c ’ i m _ u ’ w i e - i _ u e l _ u e t i o u u m ;

u _ u ’  , i , l m  . i ’ h u m ’ _u-t s- r e  - - i _ u u m ’ i i ’ i m e h t m t h i ’ n ~_u :u i ’ e_u a lso stated i t _ u  P,c , - t  e r e u i d - e 1.

m ’ I Fe - I [ne_ u oncl c i u m p u  t e r  ize ‘ m m c - t i u o d s  . ‘th u is would in c  1 uPs--

I . l ’ r e _ u~~ t i r j  t i n  uu i o r c  t u a c u r a l s - ’  AR v e r m - - m i s umi m u ; :  [mum stra u _ u/si o~ms-
t e N  I c ’  f o r  b-N-:~ - emc ’ c h m u u m e : e ’  h i s t o r y  Met im oc i

2 . _ u , e, c m l i u l m i u u i  m u p m i ’ I i _ u o d  to e s t a b l i s h  t I m e  u-l ’i c - _ u - l i v e  f l _ u U l t i~ e l i e ’ t ’
c u m i l l  i t _ u s I a  l i e d  sensor

3. C o m p u t e r i z i n g  and do c u uu u en t i n g  t h e  use  of t i m e _ u  T q u i v al en t
h ’ :xe - eec l aui c c  I h i s t o r y  M et i_ uod  and t i m e  I ) i r e c t  I)amage 1- le -Ihi o ci .

c • l ’ l e - t ’ i n h i _ u g .  t I m e  app li c a t i o ti  c-f mean strain e f f e c t .

c I ) Conduc t l m i l i u m r m u t o r y  t e s t s  to o b t a i n :

- e.  b a s i n  p e r f o r m a n c e  d a t a  on lui g h u  m u l t i p l i e r  l”~l
s e - I _ u s e r _ u ; . (l lig her mull ip I icr w i l l  h e  mos t
adap t a b l e  in t i m e  p roposed m e t h o d . )

11 . ‘b ’ emperature compensation and ‘ cr eel_u ” data  on improved
mu e t l m i _ ut - i v e / s e n sor combination (M—17 Ad hesive).

e) Stud y time feasibility of methods to relate fatigue sensor
response  to crack growt h . Since a couu imon driving force of
c,’v c i  IC  st  r t i  in e xi  si, a be tween  f a t  igeu c sensor response , f m _ u t l g u i e

d m u m u i m e g e ’ , and cr a c k  g r o w t h , it appears  I easible t h a t  a umu e tLn- J
, ‘ o m i l d  h) e de veloped to r e l a t e-  f a t i g u e  se t_ use r  response to c rack
growl  i i .
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i ’ e l f 1 - ~ t ?E P - c E A P I N ,  I F-’ IL OP 2L mc IL

5. 1 ) 5 . 1 ) 2 . i e  2 , 6  4, _ um

7~ mgs T~~’~ p = P5 . 8  — [ . 411- - — 0 . 1 2 5  — 0 . 3 9 0  — ) . 3 4 m —3.~
,-20 0.225

‘ I C U L A T m I  ~em L U ~~~ ~ DEL TA ~
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Cm /~~I •  84,4 1.898 1 .878 2.616 2 .615 0,) 0.3
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A — 3 7 D  F A T IGU E S E N S O P  E V A L U A T I O N  PRO Hs - - AM
F I LL S C A L  F T~ ST AND I- I E L D  A l l -  C R A F T  INSTPIt ’ I ”-~T A T I ( ’ 5

F I N A L  R E P f l R T
TABI~ ‘— 7

F! - T IGUE SENSIP D A T A
6 — 3 7  W I N H — C A P R Y  T H RU FU LL S C A L E  T E S T  (T n~m t m u I  lid a~ 2 3471) h-Ht  h o u r s )

I N I T I A L  IEPL  R E A D I N I ,  8P 8L

n 2 . 6 2 . 5,

Z E~~I’ T E M P  = 6 7 . 3  — 0 . 0 3 1  0 . 3 2 5

C A L C ’ J L A T E r  V A L U E S  OF C E L T A  P

R ~ AD H-1 tJ RS T E M P  8s~ 81.

1. 2 t - . 7 1.8 C . 1 1 8  0 . 1 2 8
?. 14. 83.2 (.205 0 .221
3.  1 07 .  84.8 C .272 _ u . 2 8 2

4
. 146. 84.3 C . 3 7 6  0 . 3 8 5

5. 201. 83.3 C.4~~5 0.469
2 7 9 . 8 3 . 1  C. —.U1 0 . 5 C C

7. 342. 35.9 [.638 0.6C8
8. 466. 67,6 0.957 6.12 6
9. 413 . 83.8 1.0 0 . 7 7 4

10. 676 . 6 9 . 0  6 . 0  1.04 5
11. 776 .  85 ,9  0 . -) 1 . 050
1 2 .  8 78 .  5 2 ,7  0 .0  1 . 1 75
13. 573 . 87.5 6.0 1.2’s3
14.  1 0 7 6 .  58, 1- 0 .0  1 . 3 3 1 .
1 5 .  1 1 7 6 . 9 0 .0  0 . 0  1. 4 ~~8
16 .  1216. 9 5 . 2  C . O  1. 4 4 6

N O T E — —  C A L C U L A T E D  V A L U E S  H f  D E L T A  P s - SAVE DEEM C 3 R P E C T E O
T O  THE Z E R O  T E M P E R A T I S P E
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-1 — ~ T~ F A T I I ; t E  ~
‘ ~ v s --

~t,_ t o - ’ ~~c r- ~
tiLL S C A L E  ‘ E S T  051 1 ~~I E L U  A I s - C k s ~~- T  I S S T 9 U M U T A T I I J N

F I NA [ kE P~~R1
T AH I tI A 8

l i E l - O T I  LI L A I P I L 1 F - T c A ~~IGu1 S E N S O R  1- A l A
\ — 37 ., 15 , c T 7 - T 1 - N  ‘5.16 F~~[ IL .0 R S I -A R

A / C  ~ i~~L S - .  I N I T I A L  H[ ( ) I~S IN S T .  DAT E T E S P  R E F .

1 1 37 . 8  1— 14—7 3 82.0

-~A 5 E  L E O  S T I , 2 5  I S  G P I S S [ M  M U t T  = 2 . 5  G A G E  FACT&I ’ k ‘— v . 8 2

C A L C J L A T E D  V A L U E S  OF D E L T A  ~

~~~A D  T F N ’ I  H O U P S  L H  RH

0. 1— i ’s-- 73 82.C 0.0 — 0 .528 — 0 .170

1.  2 — 3 - . - 7 3  f c . C  4 5 . 1  3 , 0 2 8  ‘4 , )

2 .  2—12— 7 2 - 61.5 5’..? 0.316 0.0

o 7 . C  6 9 .2  3 , 3 2 6  3 . 0

4 .  3 — C ” - 7 3  1 2 . 0  8 4 . 4  0 . 0 2 8  0 . 0 1 8

5, -.-- C . ---- 7 3 6 - 2 . 6  1 3 0,2  3 . 0 4 4  -3 ,031

S • 6 2 2  73 1-1~ I .2 2 2 7 . 4  0 . 0 7 3  0 . 0

7 .  i— 2t3 --- 73 78.0 3~~3,1 0,115 3,396

8. 1 — 1 1 — 7 ’ . ‘- . 9 . C  + 8 5 . 2  0 . 1 3 1  3.111

6. ‘. -( 5 - - 7 4  6 7 . 0  5 9 4 . 2  0 . 1 5 2  0 . 1 3 2

1 0 ,  ~ — 1 1 — 7 4  9 0 .2  7 1 6 . 0  0 . 1 9 6  0 . 1 7 4

11.  1 — 2 7 -  / 5  2 8 . 0  76~~. 2  0 , 1 8 8  0.0

1 2 .  5 — 1 2 — 7 5  6 z . 0  8 5 9 . 1  0 . 1 9 6  0 . 17 4

1~4. ~- 1 , 7 5  7 5 . C  9 2 5 . 1  0 . 1 8 8  0 ,0

Nt1 JT r _
~~C 4 L C U L O T E I )  V A L U E S  OF D E L T A  F’ H A V E  BE EN C O R R E C T E L )

T O ~~~~~ ZE PO T F M P F R A T U R F

A C E T  ) P I I INAN Y B A S E D  AT E N G L A N D  A F B ,  T R A N 3 F E R R E D  A U G U S T  1974
LH SE~~’ DR W t P L N - ~ DI S C C N N E C T E D ,  P E P A I R E D  F U R  1~— 9 — 7 3 R E A O L N G  

-
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A— 378 EATL,UE SENSOR EVALUA T IO N PROGRA ’-I
F- I LL S CALE TEST AND F IELD AI RCRAFT INSTRU M FNTA TION

FINAL REPORT
TABLE A-9

1 P E R A T I J \ J -A L A I R C R A F T  F A T I G U E  SENSOR DATA
1—37 - f l S~ STATION 55.16 FWD LO .~E R  S P A R

-1/C TAI L NO. IN I T I A L  HOURS INST. DAT E T E M P  R E F .

6 9 - 6 3 6 7  1C94 . 9  1 — 1 4 — 7 3  82 .9

B A S E  L O C A T I - S N  I S  G R I S S O M  MULT = 2 .5  G A G E  F A C T O R  =9.82

C A L C J L A T E D  V A L U E S  O F D E L T A  ~

~~EA D  D A T E  T E M P  H O U R S  L H  R H

0’. 1 — 1 4 — 73 8 2 . c  0 . 0  — 0 . 3 9 5  0 1 .0 9 3

1. 2 — 3 4— 73 69 .5  33 .5  3 , 0 2 3  3 .32 8

2 .  2 — 1 2 — 7 3  66- .C 4 1 . 4  0 . 0 2 1  C- . D l l

3. 2 — 2 3 — 73 6 5 . 0  5 1 , 7  0 . 3 2 ~ 3 . 3 3 1

4. 3—09—73 74.0 78.5 3.033 6.019

5. ‘.— C 5— 73 6 6 . C  1 0 5 , 3  0 . 0 3 1  0 . 3 2 7

F .  b— 22 73 86.C 205.0 2.036 0.043

7. 9 — 2 8 — 7 3  8 2 .0  3 1 9 . 6  3 . 0 7 0  3 , 0 5 9

1 — 1 1 — 7 4  48.0 386.1 01.078 0.066

9 . 4 — c ; — 7 4  6 8 . C  464. 1 0 , 1 ) 5  ~.) 9 7

10. 9—11 — 74 74.0 561 .3 0.133 3.125

11. 1 — 2 7 — 7 5  2 8 . C  6 7 4 . 1  0 , 1 3 2  0 . 1 3 4

1 2 .  5— 1 2 — 7 5  62 . 0  6 8 3 . 5  0 . 1 2 9  0 . 13 7

13 .  8— 1 4— 7 5 7 5 . 0  8 1 8 . 5  0 , 1 2 3  0 ,0

\ J OT r _ _ (A L C U L A T E I )  V A L U E S  O F D E L T A  R HAV E BEEN C O R R E C T E I . )
T , )  THE ZER O T E M P E R A T U R E

! - CFT ) P I ’ T , I N A L L Y  BASED AT ENGLAND A F B ,  T R A N S F E R R E D  AUGUST 1974
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r~ F A ’  I ,i’ ~ 5 S~- k F \,A L UA T  TO N p R 4  1 ,1- A M

~ILl ~( ~j c T  -~- ‘1U F L E t  0 A l  I ’ C R A F T  INS TPJ t4 E NTA T IH - J
INA L P.’ P O R~

i .-\BI E A — l U

‘ ( - ~~~~.\~~ 1 ,  , ,  A I — C ~~~A F  E~1~~IL,u~ S F N S h-~
- — ~~

s- -‘~ I D  (,T~ .T I  -~~~ ‘ ‘ - . 1~ [s--sD LC.s CR ‘- PA P

i / h  ‘ IlL  NJ.  l N I~ I - ~ L ‘ - 2’ - ’ P S  F ,ST . J 4T ~~~ 
T~~~ ’A p  k - F .

9 - 1 — 1  ‘~~ 8 ~0s 1 .6  1— 1 3 - 1 3  - B U . 1

~ ‘~SE LI  ~ 
‘
~~ (I~~. 15 I~ 1 I , - S T C 1 ~~N t t L ~ 2.5 LA CE FA C T J~

) 
~~-J . 0

( . A L ; J L A T E T )  / A L EE S u P  ~~ L T A  r~

~ ‘. T E 11 - i l - S  ‘‘ s—H

I 1 ~~~~7 ’  9 0 . 1  0 .)  — 3 , 2 5 3  — ) . -~ - -i hj

1 .  2 — 14 - 7 3  7 2 . 0 ’  2 9 . s  0 . 0 2 2  0 . 0 38

2 .  2 — 1 ~~
--  1 .  5 5 . 6  39. 4 0 . 0 1 7  3 . 3 32

2 — 2 3—~~3 t 7 . (  ~. 1 .4  [. 01 8  3 .O~~1

7 2 . 0  6 5 , 7  3 . 3 1 6  0 , 3  ~s

‘ - 2 6 - 7 3  6 3 . 0  1 3 5 . 4  3 . 0 2 3  3 . 0 4 8

1. - s- — ‘2 ~‘7 9 0 . (  1 8 9 . 8  3 . -” 3 . 3 6 ’ .

7 .  - -‘ — 2 3 -  12- 7 8 . 0  30 0 . 5  [- .0 0 . 1 37

1 — 1 1 —  7 - . 6 4 , 6 3 7 2 . 4  3,1’ :~. 133

‘5 . —s- — I - —  74 1 - b . C  + 5 9 . 4  0 . 0  0 . 1 - + 5

[ C .  ~- — 1 / - 7 4  / 1 . 6  5 97 . 1  3 , 2  3 . 1 7 7

11. 1 — 2  7—7’ , 7! .C 715.4 U .0 2~ ID?

12 .  3 — l ~~- 7 ~ 5’ - . L  7 5 0 . 6  D . C  3 . 181

113 . ~— I 3 —  1~ - 1’ .0 8 3 5 . 4  C .6  3 . 187

5:.~~ ~~ CAL (i JL A~~Ej V A L U E S  OF E L T A  ~ . H A V E  B E E N  C O P R E C ’ E D
TO T ’ - s ’  Z~~k f l  T E M P I  P A l  P~

‘~1F ’ JPV.!NAL IV BA SED A T  ENG LANI AFB, TRANS FERRE D A1 ’- ;UST 1—174
S ~S)~ ‘s l~4GFfl BY Ft P  111 ~OD A C T I V I T Y ,  REPLACE[) ~~ 11— 7 4
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A— 37B FATIGUE SENSI R E V A L U A T I O N  PRCG R As-~I

~ULL SCALE TEST AND FIELD A I F C R A F T  INSTRUMENTATION
F I N A L RI P O R T

TABLE A-il

UP 5 P -A T IONA L AIRCRAFT FA TiGUE SENSOR DATA
A— 37 -4IN-3 STATION 55.16 FWD LC -W F R SPAR.

A/C TAIL NO. INITIA L HOOPS INST. DAT E TE”I P REF .

1658 .7  5—17—74 82.0

B A S E  L O C A T I O N  IS YOUNG STC MN MULT = 2.5 GAGE FACTOR ~9.B2

C A L C J L A T E D  V A L J L S  OF D E L T A  S

~ EAO DATE T E M P  HOURS LH RH

0. 9 — 1 7 — 74 8 2 , 0  0 . 9  3 . 2 4 0  3 , 0

1. 1 — 2 7 — 7 5  76 . 0  1 1 9 . 3  0 . 0 3 1  0 . 0

2. 5 — 1 — 75 5~~.C 153 ,8 3.037 0,’)

3. 8 — 1 3 — 7 5  7 5 . C  2 3 8 . 3  0 .0 5 3  0 .0

N O T E — — C A L C U L A T E D  VAL UES u l- D E L T A  R H A V E  B E E N  C O R R E C T E D
TO THF Z E R O  T E M P E R A T U R E

71
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-i— ~~ ( :~ ~ A T ! G U c  S~~NSt R  P V A L U A T I C N
— ‘ L L C i~~ TEST A MP I ~E t fl A ! F C RA ~~T I N S T R U MENTATION

I I ‘- L Is-f P1 R h

I ABLE A—1 2

P~~~-I I D J A L  ~~l~~~~k A P ~~ F A T I G U E  S E N S O R  D A T A
1 — l i  W I N S  C T / T I Q N  

~5,1 6 1-MD LOWF R SPAR

A/ C TA IL SU. I N I T I A L  HOURS I N S T .  D A T E  T E ~ P RE F .

1075. 6 1— 1 4 — 7 3

~- \ S E  L O C A T I O N  I S  G R I S S C M  MULT = 2 . 5  0A1.E FACT O R =~~.82

C A L C J L A T E D  ‘ I4 L U E S  OF D E L T A  R

T E M P  HOURS L H  R H

1 — 1 4 — 7 3  7 8 . 4  0 . 0  — 3 . 4 6 1  — 3 .494

1. 2 — 0 4 — 7 3  74 .c- 2 4 . 2  0 .0 2 8  0 . 022

2 .  2 - 12 — 7 3  56 .C  3~~.8 0 . 0 2 9  0 . 0 2 0

3. 2 — 2 3 — 7 3  6 2 .0  4 5 . 4  0 .0 3 3  0 .016

4, 3— ~~9— 73 70 .0 ’  6 2 , )  0 . 33 9  3 .0 2 4

4 — 0 9 — 7 3  6 2 . C  102 .1  0 . 0 4 9  0 .0

6 ,  6 — 1 2 2 — 73 1~~ 1,8 2 0 8 . 7  0 . 0 7 2  0 .3 5 0

7 .  °— 2 1F-- 73 7 8 . 0  3 4 6 . 3  0 . 1 0 7  0 . 0 8 4

8. 1 — 1 1 — 7 4  49 .0  449 .4  0 . 1 2 9  0 .098

3. 4 — 0 3 — 74 6 7 . C  5 2 3 . 3  0 . 1 4 2  0 .119

10, 3- 1 6— 74 83.2 647.6 3.162 3,136

11. 5—12—1 5 62.C 728.2 0.156 0.131

12. 3 — 1 4 - / 5 7~~.C 844 .2  3 . 160  0 , 134

5 . T r _ _ C A L C U L ( .T EJ  V A L U E S  OF D E L T A  R H A V E  B E E N  C J R R E C T E U
1-1 T s ~~[ / - 1 - 0  T E M P L R A T L I P E

AC IT t~~T ;lNA ~~L Y bASED AT E N G L A N D  A F B ,  T P A N S F E R R F D  AUGUST 1974
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\—~~ 7-~ FATL ,UE SENS[R E V A L U L T I C N  PP (GPAM
F ILC S C I L E  T [ ST AND F I E L D  A I R C R A ~ T I 5 ’ T P J M - N ’ I T I  I’ ,

I I NI-L
TABlE . A-l i

flP~~~A T l J . I A L  A I R C F A F T  F A T I G U E  S ENS 1i’ -~ D A ’ A
1 — 3 ’  W I N G  S T A T V ’ N 55.16 F W D  L UW ~~R S P A R

A / C  T I l L  ~~~1J, I N I T I A L  H O U R S  I N S T . DAl I T [ M P  k~~E ,

‘~~3 - 6 3 / C  1 0 4 7 .2  1 — 1 4 — 7 3  17 .5

JA S E L O C A T I O N  IS HANCOCK MULT 0.0 3AGE F A C T O R  3 .3

C A L C J L A T E D  V A L U E S  O F D E L ’ A  R

R E A D  D A T E  T E M P  HOUF’ S LH RH

0 .  1 — 1 4 — 7 3  7 7 . 5  0 .0  — 0 . 3 2 0  0 .164

1. 2 — 0 4 — 73 74 .5 20 .6  0 .0 0 5  0 .014

2. 2 — 1 2 — 73 55.5  2 3 .5  0 .0 0 4  0 .001

3. 2 — 2 3 — 7 3  7 0 . 0  3 4 . 6  0 . 0 1 2  0 . 0 1 4

4. 3 — 0 9 — 7 3  69 . 0  5 0 . 5  0 . 0 1 0  0 . 0 1 0

5 .  4 — 0 9 — 7 3  6 5 . 0  8 0 . 5  0 . 0 1 1  0 . 0 1 9

1 .  o — 2 2 — 7 3  9 3 . 4  6 4 . 8  0 . 0 1 8  0 .0

7 .  9 — 2 8 — 7 3  7 7 . 9  2 2 3 . 6  0 . 0 6 1  0 .0

8, 1 — 1 1 — 7 4  49 .0  3 2 3 . 8  0 . 0 7 5  0 .0

9 .  4-09- 74 8 0 . 0  3 9 6 . 7  0 . 1 0 3  0 .0

1 ’ . 8 — 2 6 — 74 8 5 . 6  4 6 3 . 2  0 . l l s  0 .0

1 1 .  5 — 1 4 — 7 5  6 2 . 0  4 6 0 . 2  0 . 1 3 6  0 .0

12.  8— 20- 75 68 .0  6 6 8 . 7  u . 128 0 . 0

NO Tt — — C A L C U L A T E D  V A L U E S  Di D E L T A  R H A V E  BEEN C O R R E C T E D
T i THF ZERO TEMPERATURE

AC t- ORIGINALLY BASED AT ENGLAND AFB , TRANSFERRED AUGUS T 1974

RH Sensor Wiring Disconnected
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A— ~~ TP E A T L , u r  SThS1 R EV.A L I J A T L C N  PP [- ,k44
F i t  L SC-\ LI T~ ST A N D  P I E  L S Al  P C R A E T  I NS T R U M E N T  A’ I iN

F I N A L  R F - P O R T
TABI.E A — I A

1PE~~A T I  - N A L  A I R C ~~A F T  F A T I G U E  S E N S O R  D A T A
A — A 7  ~~!5 3  ST / .TION 55,16 Fw[) L (~~F R  SPAR

~/C T I l L  NP. I N I T I A L  H[.iR ’- I N S T . D A T E TE M P P~~F ,

1 0 7 7 . 7  1— 1 4 — 7 3  8 1.0

2- -I SE L P C I T I D N  IS  ‘~A P Y L A N D  MO L T  = 2 . 5  G A G E  F A C T O R  = 9 . 3 2

C A L C J L A T .~D V A L U E S  OF  D E L T A  R

DATE TEM P H O 1J R ~ Lr l  R H

0. 1 — 1 4 — 7 3  81 .0  3.0 — 0 . 0 6 9  — 0 . 13 5

1. 2 — 3 4 — 7 3  7 3 . 5  33.5 3 .0 13  0.318

2.  2 — 1 2 — 7 3  f - 7 . C  39 .6  0 . 0 3 7  0 .036

3. 2 — 2 3 — 73 ( - 4 . 0  45 .8  0 . 0 0 5 0 .017

4. ~— 3 9 - 7 3  7 2 . C  6 2 . 9  3 .0 19 s~~.039

5. 4 — 0  ~-7 3  6 7 .C  90.6  J . O l b  0 .0 10

5. 6 — 2 2 — 7 3  8 6 .C  9 0 . 5  3 . 0 25  0 .0 14

7. ‘~—28— 7~ 78.C 205.6 0.059 0,034

8. 1—11 — 7 4  65.0 328.3 0.097 0.115

9. 4 - -39 - -74  6 8 . 0  399.6  3 .098  0.0

13. 8— ~~ ( — 7 4  78 .5  5 3 7 . 1  0 . 148 0 . 0

1 1 .  ~— 1 ~~- 7 4  74 .C 5 4 4 . 9  0 , 1 4 3  0 .0

12 .  1 — ’ 8 — 7 5  6 0 . 0  5 8 6 . 1  0 . 15 i  0 . 0

1 3 .  5—~~4-75 82.0 640.5 0.161 0.0

14, 8 — 1 9 — 75 8 1 . 0  6 8 5 . 9  0. 167 0.0

N O T E__ CA LC UIA TEU VALUES OF DELTA R HAVE BEEN CORRECTED
T i  T HF  L~~PO TEMPERA TURE

AC I -’T ORIGINALLY BASED AT ENGLAND AFB . TRANSFERRED AUGUST 1974
Eli SENSOR WIRIN(; DAMAGED - REPLACED 9-19—74
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A—i 7B F A T I G U E  S E N S O R  E V A L I J A T I O N  P R O G R A M
F U L L  S L A L E  TEST AND FIE L D  AIRCRAF T IN STRUMENTA T IO N

F I N A L R E P O R T
TABLE A—IS

T h P E R A T I O N A L  A I R C R A F T  F A T I G U E  S E N S O R  D A T A
A — 3 7  W I N G  S T A T I O N  5 5 . 1 6  F- hI) LOWE R S P A R

A/C T -IT L NO. I N I T I A L  HOURS INST. DAT E TEMP REF.

6 9 — 6 3 7 1  1622. 6 5 — 1 ~~— 7 4  7 4 .)

B A S E  L O C A T I O N  I S  M A P Y L A N D  M U LT  = 2 .5 G A G E  F A C T O R  = 9 .8 2

CA L C J L A T E D  VA L -JES OF DELTA R

D A T E  T E M P  H O U R S  LH RH

9 — I c — 7 4  7 4,0  0.C- 0 .0  C,C03

1. 1— 3 8 — 75 ( - 0 . 0  41.2 0.0 0 . 0 14

2. 5— 1 4— 75 82 .0  95.6 0.0  0 .035

3. d— ~~9— 7 5 8 1.C 14 1.0 0 . 0  0 .059

N O T L - - - - — C A L C t J L A T E D  V A L U E S  OF D E L T A  P H A V E  BEEN C O R R E C T E D
T )  THE Z E R O  T E M P E R A T U P E
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~— 3 P’ ~ ~ .1fl3U~ S E N S E  ~ E V A L U A T I O N  P P U G R A - ’~
~ 1LL )C-1 L~ T E S T  AND ~~I E I D  A I F C R A ~~T I N S T R U M 0 N T A T I U N

~ I N A L F E  P R T
TABLE A — i  h

~P 0 P I T ! O N A L  A I k ~~~ A i T  F A T I G U E  S~~NS ik  D A T A
- 1— 37  - - J! N - S~ A T 1W-. 65,16 1 ~~ LO Wt R SPAP

A / C  T A ~~~C 4 .  I N I T I A L  HOIJ~~~ 5 I NS T .  f l 4 E  T E~-iP ~ EF .

BCO. O 1—2 8— 73 75.3

Bt~ ~E LOC~~ T I 1 : r I  15 M A F Y L A t - SD MJLT = 2 . 5  OAGE i-A C T O R =9.82

C A L C J L A T E D  V A L U E S  O F  D E L T A  R

DIT~ TEM P - t OU RS LW R H

0. 1— 2 8 — 7 3  75. 3 0 ,)  — 0 . 3 4 o  — 3 . 6 0 9

1. 3_ 3 0 73 55 .6  2 6 . 8  0.03—s 0 .007

6— 28— 73 81.0 81,6 3.323 3.033

3. 9 — C 7 — 7 3  9 1 . C  181.6 0 . 0 2 3  0 .0

4. 1 — 2 2 — 7 4  4 3 . 0  251 .6  0 .318  3.0

5. 9 — 1 - ~-74  7 C .0  4 6 2 . 3  0 . 0  0 .072

6. 8 — I ~~— 7 5  8 1 .C  563.3 3 .)  3.133

NO TE — — C A L C U L A T E D  VALUES OF DELTA R HAV E BEEN CORRECTED
T i  THE /1 1- U T E M P E R A T U R E

~H S~~NO JR W I P ING DAMAGED BY ECP 171 ~OC A C T I V I T Y
R H  S~~~~~ )R P c C L N N E C T E O  9—19—74

LH S E O R R~~SP 1NCE L O W ,  R E P L A C E D  9— 19—14
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1 — 3 7 8  F A T I U L I E S E N S O R  F V A L J A T ! C N  P R o ; R ~~-1
t U L L  S L A L E  T E S T  AND F I E L D  A I P O R A L T  I N c T R J M  -il A ’  IUN

F I N A L  REPORT

TABLE A- 17
1 P F P A f I NA L A I R C F A ~~T F A T I G U E  S~~NS O R  D A T A

A — 3 7  ~~I’1~ S T A T I O f .  55 .16  P W D  L O W E R  S P A R

- I’C ~~~IL N T .  INI IA L  HOUkS I N ST . D- ~~~E T~~ r~~P REF .

6~~- 6 3 8 6  ~~~~~~ 3 9- l~~-7~

t3A SF L O C A t I O N  13 M4PY LA~- D  MU LT = 2 . 5  ,~~GF F A C T O R  =~~.82

C A L C J L A T E D  I A L J E S  OF D E L ’ A  S

R E A P  D A T E  T r M P  - tO URS U-I RH

-3. 9 — 1 9 — 7 4  70.0 0.0 — 3 . 3 5 4  0.0

1. 8—19 — 7 5 81.0  i O l , 0  — 0 . 0 3 1  0 .0

NOT ~ —— IAL cU LA TE O V A L U E S  OF Ot - TA  R H A v E  BE E N C O R R E C T E D
T i  THE ZE F - D T C M P E R A T L J P E
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4— ~~ 7 H F A T  I W O  S~~NS1 P E V A L J A ~ I LN  P R LG RA ’ -I
FULL S~~A L F  T~~ ST A ND F I~~ L O I - I F C R A ~~T 1 N S T ~~ ’ M~~N 1 A ~~I N

T NC- L k 0 P 1 R T
TABl E A — l B

G P F P A T I - N A L  A I R C i - A F T  F A T I U U E  (
~~N)~~k D A T A

4 — 3 7  9 7 ’ 4 3  S T A T I  )D .16  ~ W D L C ~~F R S P A R

A / C  T I l L  NO. I N I T I A L  HO U R S INS T .  DA ~~F ~~~MP REF.

69—e338 ÔCO. 5 1— 2 8 — 7 3

t~-I SE L O C A T I O N  IS  ~A ’ R Y L A N D  MULT = 2 . 5  G A G E  F A C T O R  =~~.82

C A L C U L A T E D  V A L U E S  iF D E L ’ A  ~

P F-I 3’~T E T E M P  --~ T UPS C H RH

1—2 8— 73 ~ 8.c 0.-Ti —3 .574 — 3 . 8 2 4

1. 3—30— 73 47.5 71.2 0.033 —3.857

2. 6—28— 73 81.2 166.1 0.326 3.-Ti

3. 9— 07—73 80.0 267.7 3.03C 0.0

4. 1—2~~—7 4 53,0 355.6 ~.O7 0.0

5. 5—07— 74 75.0 487.1 0.111 0.0

6, 9—1 8—74 72.0 556.3 3,123 0.0

7. 1—2 9—75 40.C 685.5 0.156 0.0

8. 5 — 1 4 — 7 5  8 2 . ’~ 3 0 6 . 1  3 . 1 8 - )  0.3

9. ‘3— 1~~--- 75 8 1 . C  9 1 2 . 2  3 .2 0 8  0 .0

N O T E — — C A L C U L A T E D  VALUES liE DELTA R HAV E BEEN CnRRECTED
T Q  TH~ ZERO TEMP ERAT UPE

RH SF150 5 D E F E C T I V E ,  P E t - L A C E D  5 — 1 7 — 7 4
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:I—37- -~ FA T U ; U E  S U NSIR  E V A L U A T I O N  P R O G R A M

~ - ! L [  U I L C  ‘ E S T  A N D  F I E L D  A I R C R A F T  I NS T R U M 1 - ~T A ~~IJN
FI N t~L P E P I - R T

TABLE A — l 9

J~~~~~~~~I O - J A L  A I R C P A F T  F A T I G U E  S E N S O R  D A T A
A — 3 1  ~~i N  , S T A T I O N  55.16 ~ W D L O W E R S P A R

I/ C  ~I I L  ‘JO. IN~ T I A L  H O U R S  I N S T.  L~~~ [ 
T r M P  REF .

1 2 U 7 . 6  5 — 1 7 — 7 4  75 .3

8 1SF  LHC - \ T ! L N  I S  MA~~Y L A N D  M U L T  = 2 .5  G A G E  F A C T f l P  = 9 .3 2

C A L C J L A T E D  V A L J E S  OF D E LT A  R

P L 4 f l  LATF TE ~~1 H C U R S  L H  R H

5 — C 1 — 7 4  7~~.C 0 .0  3 . 0  — 0 . 3 1 9

1. 9— IP— 74 72.C (--9.2 2 . 0  0.021

2. 1—28—75 40.0 199 .0  3 . 3  3 .057

3. 5 — 1 4 - 7 5  8 2 .0  319.0  2 . 0  3 .081

4. 8 — 1 9 — 7 5  81 .0  4 2 5 , 1  3 .0  3.116

NOT~~— — r A L C t J L A T ED VA L U FE ~ F D E L T A  P H A V E  BEEN C O R R E C T E D
T i  THE ZE1 - O TEMP F-F A T U PE
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- I — i  f~ ~ A T I~~~ E NSi R E V A L t J A T I O N  P P 0 G R A ~
~~) L 1  S C I L ~ T E S T  AND F I E l D  A I R C R A F T  I N S T R U M N T A T I - j N

~r I NI L F F  PORT
TABLE A —2 0

-~ P~~P A I I l 1~~A L A . I k O F A F T  F A T I G U E  S~~NSf lR D A T A
- I —~~ 7 4 1 N  C T A T  I N  “~~~. 1 4 t w D  I O~~~R SPAR

A / C  T - \ I L  Nt) . I N I T I A L  HOURS I N S T .  DAT E T E ~IP R E F .

6 9 — 6 3 9 - ~ 796.7 1—28—73 8 3 . 6

r~A S E  L O C I r I L N  I S  M A R Y L A N D  MO LT = 2 .5  G A G E  F A C T O R  = 9 .8 2

C A L C U L A T E D  V A L U E S  OF D E L T A  S

DA TE TEMP HOURS LII RH

0.  1—28—73 8 3 . 6  0 . 0  — 0 . 5 6 4  — 0 . 7 2 8

1. 3— ~O — 7 3  47 .0  4 2 . 8  3 . 3 1 5  0 .031

2 .  6 — 2 9 - 7 3  7 7 . 5  144 .2  0 . 0 2 2  0 .036

3. 9— 1— 73 83.0 2 - 3 4 , 6  0 . 0  3 .053

4 .  1 — 2 2 — 74 4 3 . C -  2 8 9 . 7  0 . 0  0 .073

5. 4 — 2 9 — 7 4  74 .0  380,5  3 . 0 1 9  3 .3 87

6. 9 — 2 C — 74 79 .0  5 5 7 . 1  3 0 0.099

7. 1 — 2 9 — 7 5  40 .0  6 6 7 ,2  0 ,0  3 .123

8. 5 — 1 4 — 75 P 2 . 0  7 4 1 .6  0 . 0  0 . 1 2 6

9. B — 1 ~~— 7 5  8 1 . 0 8 2 9 . 3  3 . 0  ) . 14 7

N O T r _ _ CA L C U L AT E D VALUES OF DELTA R HAVE BEEN CORREC TED
I) THE ZERO TEMPE RAT UP E

LH S~~1C-] 2 A I R I N G  DA MAGED BY ECP 171 MCD A C T I V I T Y ,
-~~ C~~N 4 E C T E r -  4 — 2 9 — 7 k  BUT FOUND TI BE UNSTABLE ,
L H  ~~~ J R P E P [ A C E D  9 — 2 0 — 7 4
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A— ~~~8 FAT I ;u ~ SENS IR E~~A L U A T I C N  P B L I G 1 - A M
F U L l ~~~~~~L 5 T E S T  A N P F I F L [ i  A I P C 1 - A R r  I N S T R U - ~t~

(
~T~UIiJN

F- INt’ L R E P I P T
TAB l E A—2 1

PE1 -  A T  I I INA L A l  1- C R A P I  F A T  IGUE S~~NSD~ A T  A
A — ~~~1 

~~! N -  S T A T I O N  !5 . 16  F W D  t rw r R S P A R

A / C  T A I L  NO ,  I N I T I A L  HOURS IN S T .  PA -I ~~~~~ -< F .

69—6339 1353.8 9—20— l~t J O .  C

B A - S E  L O C A T I O N  I S  M A R Y L A N D  MUL l = 2 . 5  G A G E  F A C T O R  ~~~~~~

C 4 L C J L A T E O  V A L J E S  JF D E L I A  R

R E A D  D A T E  T E M P  IPURS LH PH

0. 9 — 2 0—74 79 . C  0 . 0  0 . 2 8 0  0 .3

1. 1 — 2 8 — 7 5  40 .0  110.1 0 .0 4 2  3,1

2. 5 — 1 4 — 75 82.0 ’ 184.5 3 .0 6 3  0 .0

3. 8—19—75 81.0 272.2 O,1~~1 3.)

NO T ~~— — C A L C U L A T E i )  V A L U E S  OF L E L T A  P HAV E B E E N  C O R R E C T E D
I’D THE ZERO T E M P E R A T U R E

81

~ IT C-~ ~~~~~~~~~~~~~
- -

~~~~~~~~~~~ 
-~ l-=.-’~ r 1~~~~~~~ ~~~~~ - -  - --— - -- : :—  _ _ _ _



~ A~~ I , iE TE N S1 ’~- 1 V A L F I A T ! C N  PROG R AM
lU -~C - \ L~ 

T~~ ¶, T P- N t) I~ t O  ~ I P C R A ~~T INS T P U- M E N I A T I ’ I N
I N A L  R E P O R T

TABI .E A — 2 2

~P L I T f l - J I~ A I ~~C~~A FT ~A T IG 1 ’ F - SENSYP PA - TA
- I — ~~7 4 l - -~; S T A T I T h  9 5 . 1 6  F~~D L D W ~~R S P A R

- I/C T I l L  N) . I N I T IA L  F O U R S  I N S T .  DAT E TP~1P REF.

69— 6303 639.1 1—28—73 77.2

BA - SE L C C I T I I - N  IS MA R Y L A r ’~1) MULT = 2 . 5  G A G E  FA C T O R  =9.82

C A L C U L A T E D  V A L U E S  O F  D E L T A  S

T E M P  HOURS LH RH

3. 1—2 9—73 77.2 0.0 —0.463 —0.533

1. 3—3C— 73 ~~~~ 58.2 3.324 0.043

2.  5— 28-73 76.4 161.7 0.055 0.053

3, ‘ —T 7— 73 8~~.C 260,2 0.3 0.390

e s- . 1—22- 74 62.c 360.5 0.0 0.119

5, 9— 2~~— 7 4  7 8 .0  667 . 1  0 . 1 59  0 .159

7 .  1 — 2 8 — 7 5  ‘~O . L  7 64 . 4 0 . 1 76  0 . 178

8 .  5 — 1 4 - 75 8 2 . C  8 7 6 . 1  3 . 3 2 7  0 . 1 9 0

- •  
-, S . 8— )o- 75 81.0 962.7 0.202 0.190

p ,~~T r - - - — C A L r . it A - T E D  V A L U E S  Of - L J E L T A  R HAV E BEEN C O R R E C T E D
I) THE i r RO  T E M P I RA T U F E

LH 5 f l 4 5) R  W I~~ INA D A M A G E D  BY F C P  171 MOD A C T I V I T Y ,
Q
~~lT :- N N E c r E D  9— 2 0— 74
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A — 3 1 B  F A T I G U E  S F N S F R  E V A L U A T I O N  P 1- i - 5~~~~
F ULL  S C A L E  T E S T  A - ND F I E L D  A I R C R A F T  I N S T P J M N r A T I O N

F I N A L  R E P 1 ~~
T

TABLE A— 2 3

~P F R A T I 1 I J N A L  A I R C R A F T  F A T I G U E  E N S O R  D A T A
-I — ~~7 ~ I 4 G  S T A T I O N  55. 16  F~~D L F W ~~R S P A R

I / C  T A I L  Nil. I N I T I A L  HOURS I N S T .  DA T E T M P  R E F .

6-~-6 39 7  600. 5 1 — 2 8 — 7 3  6 9 . 2

B A S ~ L f l C \ T I u ~ ’ !S  M A R Y L A N D  MO LT = 2 .5  G A G E  F A C r O R  = 9 . 8 2

C A L C - J L A T E D  V A - L i E S  O F D E L T A  R

P ~~ -13 i-lIE T E M P  HOURS LH RH

0. 1—28—73 69.2 0 .0  — 0 . 4 0 2  3 .030 -

1. 3—3-3—73 47.~ 81.5 0.047 0.020

2. 6— 28— 73 84.2 163.6 0.047 0,014

3. 9— 0 7—73 8 3 . C  201.3 0.0 3.076

-s . 1 — 2 2 — 7 4  43 .0  332 .0  0 . 0  0 ,0 9 7

5. 9 — 2 0 — 7 4  7 4 . 0  5 t 4. 3  0 .0  0.169

6. 1 — 2 8 — 7 5  0 .0  69 1 . 3  0 .2  0 , 1 9 4

7. 5— 1 4—75 82.0 795.8 0.0 0.236

8. 8 — 1 9 — 7 5  8 1 . C  8 7 9 . 6  C . 0  0.234

N O T ~~——C A LC ’ )t A T F D  V A L U F S  i f  L - E L I A  P HAV E P E E N  C O R R E C T E D
T i THE ZE~~O IF M P FPA TUP E

LH S r N S l~ P-A EAG FD BY FO P 171 MDL) A C T I V I T Y ,  REPLACED 9 2 C 74

83
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A SD_ T P_ 76_
.l— -~ 7 -~ ‘ A  T I Li; SE N Sf ‘~ EVA - I Ut’ I I O N  PROGRAM

ILL S ( t~ c T~ ST  A - Nt ’  F I E L D  A - I  P 0 1 - A F T  I N S T R U M I N T A T  ION
!NA L R E P O R T
TABl E A — 2 4

) P R i f f l -~.lL A I R C R A F T  F A T I G U E  S E N S O R  D A T A -
1 — 37 ~~IN S T A T I N 5 .16  ~~L L O W E R S l~A P

A / C  T I~~L NO. I N I T I A L  H O o P S  I NS T .  DA ~ T E M ,  R E F .

1164 . 8 9 — 2 3 — 7 4

:~- ISE L O C 3 T  I O N  I S  M A R Y L A N O  M I L l  = 2 .5  G A G E  F A C T - j R  = 9 . 82

CA LC J  L A - T E D  V A L u ES OF D E L T A  R

F -~~~~ D A T E  I M P  - IDU RS LH RH

0. 9— 2 0 — 7 4  74 .0  0.0 - 3 . 3 7 2  0 ,0

1. 1 — 2 8 — 7 5  4 0 . C  127 .0  3 . 0 39  0 .0

2. 5— 1 4— 75 8 2 .0  2 3 1 . 5  0.07t 0.0

8 — 1 9 - 7 5  81.0 3 1 5 . 3  0 .098 0 .3

J O T ~~- — 0 A L L U L A T E )  V A L U E S  OF D E L T A  R H A V E  BEEN C O R R E C T E D
T )  TH E Z~~P O  T E M P E R A T U R E
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If~~~AD—AOle2 ills CESSNA AIRCRAFT CO WICHITA KANS WALLACe DIV 

- ___ - 

F/I 1/3
A—3Th FATIGUE SCNSOR EVALUATION PROGRAM — FULL SCALE TEST AND F——ETC(u)
MAR 77 R U WAL KER. J Y KAUFMAN F33657—71—C—0163

UNCLASSIFIED ASO—TR—77—4 NI.

2cF 2

U

END
D A T E

FILMED
8 L77

I
—. - S



~— 3 7 ~ F A T I U E  SEN S C’ F E VA L U t j ( r~. PROG P~~1
FULL SCAL - TEST ANP FIELD A J P C -~A FT INSTR U M L N T A T I J N

FINA L p~~~P~~~PT

TABLE A—25

]P E P A T I ~1N4L A IRC ~~A F T  FAT IGuE SENSOR PA T A
A — 37 4 IN G S T A T I O N  ~~~~~ F~~D LY ~~ER SPAR

A/C TA IL NO. I N I T I A L  HOURS INST .  L~ A T~~ T EM P REF .

7 0 — 12 8 8  4 56 .8  1 — 1 2 — 7 3

B A S E L O C A T I O N  I S  BA PKSCALE MLILT = 2 .5  GA (, E F~. CT f l R  ~~~~

CA L C U L A T E D  V .~L UE S OF D E L T A  ~

R E A D  D4 ’~ T E MP HOURS [H RH

0. 1—12— 73 47.9 0.0 0.084 0..~00

1, 2— )3— 73 68.C 28,7 3 . 0 0 3  0.001

2. 2—~~5— 73 6~~.O 10.4 0.012 0.00~..

3. 3—10—73 74.0 81.8 ).0~)8 3.01~

4. 4—07—73 70.0 133.2  0 .0 2 5  0 .020

5. 4— 2 8—73 86.1 145.3 3 . 32 7  0 .32 3

6. 6 — 2 1— 7 3  c 5 •4  2 2 9 . 2  C . 0 2 8  0 .327

7. 9— 2 7—73 95.1 3 2 6,5  0 .3 4 2  3,346

8. 1 — 1 0 — 74 4 5 . 0  41 1 .2  0 .0 4 9  0 .050

4 — 1 ~~— 7 4  67 .C 533 ,2  3,)51 3.357

1 0. 8—27—74 87.4 687.1 0.060 0.Jôb

11. 1 — 1 7 — 75 53.3 868.3  0 ,0 7 1  3 .085

12. 5— 3 6-75 88.C 976.9 0.074 3.181

13. 8— 1 8—75 100.) 11 )2.~ 3.081 ).087

NOTF —— CALC ’JLATEO VALUES OF DEL TA R HAVE BEEN CORPECTE L )
To T HE ZERO TEM PERATURE
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•~~ — T l b  ~ ~ T I ,i~ c .
~~~ NS( P [VAt L~A T  I CN PI~~( , RA 1

‘ L ( C~~L ~ T AND I FL  0 A l ~ CQA~~T 1NSTr ~UM’ ’ 1 T AT LUN
f~ I NAL  1~E P f R ~

TA B l E  A—2 h

)PF~~A~~I ~~ 
,\ T P ’ ~~ A F T  F A ] IGUE S F’~~ flR D A T A

~~37 ~ I’j ; S T A .~~I ) ~. 5 5 . I f  f W i )  LCW r R SPA~

~JC ~~~~ !L ~~~~~~ V J I T I A L  HOU R I N S T .  ) A T E  TEMP R~ L-

5C~~.8 1 — 1 2 — 1 3

~~~~ LflC .\T I 1J~ IS 3 A K ~~rA L F  ?~IJ L T = 5 GA GE F.\C~~1~ L~~2

CA LC J L A T - D  V A L J F S  OF ‘
~~LT A R

Hr~U P S  L H P~ 1

C. 1—i2-- 7.~ t2.5 0.3 —3 .494 — 0 . 0) 2

1. 2— 3 — 7 3  ~~~.... 33,8 —1.~~)2 —).3~~2

74.3 0.033 3.307

3—10—73 71.C 98.3 ~~~~~ ).)~~2

4—C 7- 7~ ~7.. 123.2 3.037 0.037

5 ‘~- 2~~
- 7 1  

~~~~ 157.2 ).)11 0,011

~~ —~~~~~~ — 1~ 91.1 2~~8.4 0.0.34 3.322

7. ~-3 7— U~ 9 4.1 347.4 ).)41 ),)33

P . 1—11- 74 45.( 436.2 0.040 0.337

4— l u- 74 ~,7.( 542.7 :,04.3 0,)42

Ifl . 8—2 7— 7~ 1LC.~ 11 3.4 3.055 0.D’,8

11. 1— 1 1 — 1 5  5:~.C 11.~ ~,062 3, )64

12. C 5—fl~ -l~ 90.C 1)48.0 ~ .0ô7 0.0

13. 8— 1 9- 75 100.t.. 1134.4 )-Th8 0,)

~‘J0TE — — C A L C J t .A TED VAL UE S iF PE L TA ~ HAV E r3 E E~ C’1R~~~Cr )
T i  -

~~~~ L~ 1~ J TE MPF RATIIP F
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T~ ~~A T I  ;~~E ~ NSL’P [V t . L~J A T  ! ON P~~f l ,P4M
FULL S C A L E  T F S T  A N O  F L i i Al ki ~~~ T !NSTRUr ~PJT Ar I 1~

~ INAL R F P 1 ~~J
TABLF. A-?7

P j 0 ~’JAL AI kC~~AF~ FA TIGUF S~~NSOP 1ATA

~— 37 ~ IN,, ST A T IO~1 ~5. Le F W [ I i ’ ~~~ ~ S P A R

.~ /C ~~ IL NO. IN I IA L H01JP~ IN~~T. DAT~ TFM P R F .

7,1— 1 2 ? 0  435 .1  1 — 1 2 — 7 3

B~~S E L 0 C A T I O ~ IS BA R K S C A L E  MULl = 2.5 GAGE ~AC T~~R = ? . .~2

C4 L C J L A ~~~D V A L U E S  O~ D~~L T .~ 
Q

~EAf l  0 A T ~ ‘~~MP ~1i JR S LH

0 • 1— 12—73 5~ .1 0.0 —O .46Q —0 .365

1. 2 — 3 3 — 73 7C ,0  30. ’? — 3 . 005 — 3 . ) ) ’

2.  2— 17—73  ~+ 1.C 53 .2  — 0 . 3 0 1  — 0 . 0 1 ” ~

3. 3— 10— fl 7 5 . C  77 ,3  — .3. 00 1  — 3 . 0 ) 6

4. 4—07— 73 2 .C 131.’i 0.C 33 0.3)7

5. 4 -2~3-- 7~ 84.C 123 ,4 . 024  0 .2 ) 2

6 . ~ — 2 1 — 7 3  89.L 2 0 5 .4  C . 0 2 4  3 .318

7. ~—~~ 1— 7 3  ~)?.4 i36, -~ L .0.1 0 , 3 3 3

8, 1— 1 0 — 7 4  4~. .C 399 • ( 0 . 0~~ 0.2- t S

4- I.~- i4  6 7 .C 4e4 .g  3 . C S C  0 ,2—a-
‘p- . 

13 . ~— 2 7 - 14 ~7.h  70.1 3 .06o 0 .050

11. 1 — 1 1 — 7 5  56.C 827.8 ,082 0.0~~

12. 5— J~~—7 5 78.( ~~o3.5 U.0d

13. 8— l e-75 10C.( 10b6.5 ‘,0s7 0 .367

N0~~~— — ( A L C U L A T F D V A L U E S  OF L E L T A  P HAV E BEEN C . )~~~E C T E 3
Ti THE ZEPO TEMP [PAT U Pc
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A — 3 1 ~ F A T I , i i E  SENS I R E V A L I J A T R N  PP1 (;KA~
L ULL SC A L E T V S T  A N [  F j F L ’  A 1 k L R A ~

:T IN~~ T k U M :’ 1 T A ~~ I ) N
I INA L P E P f l R~

TABI .E A- 2 8

0~~~~~~~T 1 ’ N A L  A ! R ~~- A F ’  F A T I G U E Y NS I ) P  r’1A ’ t
•~ — i7  N 1~ J ST~~~~I 0~ . 5 5 . 1~~ Iwo Lfl~~ ‘~ ‘~ PAR

A / C T A  I ’  NO. IN~ T I  AL Hf l (j R~~ I N S T . D4~ ~~~~
- •I P 2~~ F

70— 12 31 398.1 1—12—73

~3 A S E  LOC~~TI[IN I S  EARKS DA LE MJLT 2.5 GA, E FA CTJ R =~~.82

C A L C J L A T ~~D V A L U ES OF D E L T A  R

DA TE TEMP HOURS LH RH

3. 1 — 1 2 — 7 3  57 .1  0.0 — 0 . 8 3 5  — 0 . 3 5 8

1. 1— 1 2 - 7 3  46.C 1.0 0,029 0.003

2. 2— 03— 73 63.0 7.5 0.034 0.035

3.  2— 17—73 43.C 25.5 —3.043 0.029

4. 3— 10—73 74.0 48.7 0.0 0.037

5. 4— C l- fl 69.C 78.8 0.0 0.041

6. 4—?d- 7~ 91.0 104.4 0.0 0.314

7 . 6—21—73 83.2 171.9 3.0 0.016

B.  0—27— P 81.0 283.1 0.0 0.022
‘p

1— 1 1- 74 45.C 325.8 0.0  0.0~~1

~~~ Tc — — CAL C U 1A T~i’) VA LUES OF L ELTA P HAVE BEEN C O R R E C T E D
T )  T HE / ~ U T E M P E R A T U P E
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4—~~1~3 F . A T I , U E  S~~N SIk E V A L U A 1 I C ~. PRi~~, k k ~
ULL S C A L E  TES T AND F I F ’  0 A!P C PA~’T INST I-~LJM ~~i

F INA L R E P  P~
TABLE A — 2 Q

fl P r R~i T IT1 ’44 L A IRCR A F T FA T IGUE S~~N’ ,~~R D A T A
A -37 ~ IN~ S T A T I O N  05. 1~. FWD I~OW ~ R S PA R

A /C T~~IL NO. I N I T I A l  HOURS l~~ST. Li-~T~ r T~~MP ~:~~~~•

71— 0860 40,9 1— 12—7 3

BASE L1 A T I c , N IS BA R K S C A L E  MOi T = 2 . 5  Ai~E F A C T O R  =9.82

C A L C J L A T E )  V .’ L J E S  Ji- UE L T A  ~

P F A O  O A T F  T E M P  HO URS LH P r-I

3. 1— 1 2 — 7 3  68 .9  0 . 3  — 0 . . ~d2 — 3 . 124

1. ? — 3 ~ — 73 11.0 2 4 . 3  0.011 — 0 . 0 3 5

2. 2— 1 7— 73 50.C 38.B 0.0C.~ —0.3 15

3. 3— 1 0—13 79.0 66.6 0.002 —3.312

4. 4—C7-73 73.0 100.1 3.015 0.305

5. 4— 30— 73 82.0 118 .1 3.015 —0 .009

6. 6—2 1—73 89.6 216.8 0.022 0.010

7. 9— 27— 73 104.0 3 3 5 . 1  0 .042  0.028

8. 1— 10- 74 45.0  392 . 1  0 .046 0.030

9. 8—27—74 123.0 691.7 0.0 0.054

1 3. 1— 17—75 51.0 962.4 3.0 0.063

11 . 5—26— 75 78.C 1C38.1 0.0 0.366

12 .  H-~~H— 75 100.C 112 6.5 0.0 0.368

‘JIr r- _ _ C AL C IJLA TED VALUES OF DELTA P HAV E BEEN CORRECTED
Ii THE ZERO TEMPERATURE

I H SFN~~)R W1~~lN , OlSCCNNFCTFD_ PFPM~ NFN~TL’Y DA MAGE D
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4— ~~~~~7B I A T I - ; l , L  SFN SrR EVAL LA T !CN PROGRAM
FULL (A L E  TIST AND F I~~1O A IR C R A F T  INSTRU M ENTAT IJN

F I N ~’L PEPORT

TABI.E A— 36

I1 PF AT I (’4A L A !2C kAF T FATIGUE ~~NSOR CAT A
A~~~7 

CW~) PA N J )  F ITTING — WL 41.78

A/C TA I L N4J. IN I T I A L  HOURS INST. DAT E TEM P REF.

‘1 3—1C58 4.5 1—19—74 70.0

BASE LCC4TION IS G PISSC~ MULT 3.0 GAGE FACTOR =9.82

CALCULATED VALUES OF DELTA R

READ D A T E  T E f r P  HCU RS LH RH

C 0. 11—1 ~~— 14 70.0 0.0 0.229 0.140

1. 12— 1~~—7 4 60.0 2.0 0.087 0.333

2. 1—~~7— 75 28.C- 24.8 0.082 0.033

3. 8-- 13—75 75.0 187.3 0.147 ‘D.075

NO TE_ _ CALCULAT FD VA L U E5 OF DELTA R PAV E BEEN CORRECTED
TJ THE Z E R O  T E M P E R A T U R E

‘I
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A—37B FATIGUE SEN SOR EVALUAT IC , . PRf~~- -AM
FUL’ SCALE TEST AND FIELD AIRCRAFT INS TRUME F iI t ,TION

F INAL REPC-RT
TABLF I A— ’37

OPERATIONAL AIRCRAFT FATIGUE SENSOR CATA
4— 37 FWD BANJO FITTING — WL 41.78

A /C TAIL NO. INITIAL HOURS INST. D A T E  TEMP REF.

73—1C5~ 9.5 1—07—75 76.)

BASE LOCATION IS GR IS SCM MUL T 3.0 GAGE FACTOR =9.82

CALCULATED V4LJES OF DELTA R

READ DATE TEM P HOURS LH RH

0. 1—06—75 68.0 0.0 0.054 0.295

1. 1—27—7 5 28.0 ?.1 0.024 0.031

2. 5—12—15 62.0 102.7 0.013 —0 .020

3. 8— 13—75 75.0 188.8 0.076 0.095

NOTE—CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE

I
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A— 37 B FATIGUE SENSOR E V A L U A T I O N  PROGRAM
CULL SCA L~ TEST AND F I F L D  A I R C R A F T  INST FUMENTAT ILN

F I N A L  REPORT

‘I’ARLE A— 3 8

I1P E R A T I ( ’ -~J A L  A I R C R A F T  F A T I G U E  SENSOR C A T A
A— ’

~7 FWD BANJO FITTING — WL 41.78

A/C TAIL NO. IN I T I A L  HOURS INST. DAT E T E M P  REF .

73—1060 c.o 1—06—75 68.0

BASE LOCATION IS GR ISSCM MULT = 3.0 GAGE FACTOR =9.82

CALCULATED VALUES OF DELTA R

R E A D  D A T E  TEMP HOURS LH RH

0. 1—C4—75 68.C 0.0 0.092 0.0

1. 1—C ~ —7~ 76.0 1.9 0.068 0.0

2. 1—27—75 28.0 15.5 0.070 0.0

3. .5— 12—15 62.0 129.7 3.116 0.0

4. 8— 1 3—75 75.0 207.3 0.140 0.0

NOTE——CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE

- Ij
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4—37 8  FATIGUE SENSOR EVAIUATI CN PROGRAM
FULL SCALE TEST AND FIELD AIRCRA FT INSTRUMENTATION

F INAL REPORT

TABLE A—39

O P E RA T I O N A L  A I R C R A F T  FATIGUE SENSOR DATA
A’-37 FWD BANJO FITTING — WI 41.78

A/C TAIL NO. INITIAL HOURS INST. DATE 
- 

TE N 4P R E F .

73— 1061 5.0 1—13—75 72.0

BASE LOCATION IS GRISS4JM MULl = 3.0 GAGE FACTOR =9.82

CALCULATED VALUES OF DELTA R

READ DATE TEMP HOURS LH RH

0. 1—13—75 72.0 0.0 0.094 0.042

1. 1—27—75 48.0 3.3 0.040 0.044

2. 5— 12—75 62.0 113.5 —0.006 0.016

3. 8— 13—75 75.0 194.0 0.077 0.079

NOTE——CALCULATED VALUES OF DELTA P HAVE BFEN CORRECTED
TO THE ZERO TEMPERATURE

I
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A—3 7B FATIGUE SENSOR E VA L U A T ICN  PROGRAM
C’ULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION

FINAL REPORT
TABLE A—4 0

IIPERA T IONA L A I R RAFT FATIGUE SENSOR DATA
A—37 FWD BANJO FITTING — WL 41.78

A/C TAIL NO. INITIAL HOURS INST. DAT E TEMP REF.

73—1C 63 5.6 1—14—75 80.3

BASE LOCATION IS GRISSCM MULT = 3.0 GAGE FACTOR =9.82

CALCULATED VALUES OF DELTA R

READ DATE TEMP HOURS LH RH

C 
0. 1— 1 4— 75 80.0 0.0 0.272 0.1.32

1. 5— 12—75 62.C’ 123.0 0.065 0.077

2. 8— 13—15 75.0 192.9 0.119 0.151

NOTE——CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE Z E R O  T E M P E R A T U R E
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A—3 7B FATIGUE SE N SO R E V A L U A T I O N  PRCU~~~~ CM

FULL SCA lE TEST AND FI E L D  A I R C R A F T  INSTRUM[ fC~T AT IUN
F I N A L  REPORT

TABI.FI A-.-’.1

O P E QA T I II N AL A I R C - I A F T  FATIGUE SENSOR D A T A
A— 37 FWD BANJO FITTING — WL 41.78

A/C T A I L  NO. INI T I A L  HOURS INST . DAT E 1’
~’MP REF .

73—1 065 ~.5 2—4—75 73.3

BA SE LOCA T ICN IS YOUNGSTC~~N MULT = 2.5 GAGE FACTOR =9.82

CALCJ L ATED VALUES OF DELTA R

READ  DATE TEMP HOURS LH RH

0. G4— 1 1— 75 73.0 0.0 0.650 —0.213

1. 5— 13—75 
- 

5 5 . 0  4 8. 1 .  0 . 0 4 9  — 0 . 0 76

2 .  8— 13— 7 5  7 5. C  1 2 0. 7  0 . 0 8 6  — 0 . 1 2 0

N O T E— C A L C U L A T E D  V A L U E S  OF D E L T A  R H A V E  B E E N  C O R R E C T E D

TO THE ZERO TEMPERAT URE

ins

- ...~~ ,,
~~~~

- 
~~~~~~~~~~~~~ ~~~~~~~~~

- - .-. -..-,-— -——- — 
~~~~~~~~~~~ 

- 

~
““-:~

‘-
~~
‘..“ i : “ ~~~



APPENDIX B

MEASURED STRAIN SPECTRUM S FOR

FATIC ;uE TEST AND FIELD AIRCRAFT
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TABLE B—i — STRESS, EX C EEDAN~ F.S AT W.S. 55.16

- ‘e , < - .1rpd ‘I] t~ rnat i  ng s t ress e!’.~~Pd~lr _~~~“ a t  +< - ~~ . 
‘
~~

‘ . - f ( I (  f~ 1 1— ~ ca1 e
C ” ~~ < III ~j ” l d  j i r -

~~ra ft  (i,(,i - l~~I(I f l igh t  ‘nciurs ,

~h rs  i-..le -~~~i j t  based on ONLP- CC r ’ ,Snr:p..~ a i r  ‘‘‘ ,hC ,if] U ~ -j ’~ 1 f I ’ ’~~~~, I I  I J e r ~t i a 1
St ra in  h i s t o r - ~ d a ta

11 ‘ ‘C I t i n - i  (el jl”i n~ r,’ 
1 Fl na l 1I~ l 1 ~ “r~~~

r”ss Ran’ ie Ful l  S c a l e  ~~~ S c ale  ~
‘P~C t  I i~ - 1d H~- ld r ie l a

<‘ / C  1’C A /C

0 — 500 2 7 - ’7 ~1 611’ i.~ ~~~~~ 3~ J 311104
500 - 1000 ‘6/4b 59~9.. 22 4 1’ - 27~~i0 26 765

1300 - :500 26014 53699 lt.’-~ 4 l- - - ’~bb 134 0
— 2000 25/T i 4 5 4 51 1  3731< ~,<j 7 3  58?6

2000 — 2500 11 [< /0 3776 1 &49 / 5 ’~0 3 1)47
- 3000 5,~’I~ 1€<1 21 4341 -1’- ’-67 1775

340 0 - 3500 5~ 4~i 10245 2976 3- 160 1223
3~00 4uM’ 33? ;  5322 104—i jq 9 918
-. 34)1 , - 4 ’0 I , )  2059 11c12 1305 719

5000 L/ ,li , 21 ( 12 1143 346 544
01100 — 5 5 I 1 ( I  1183 19 -, 42 420
5500 61)04) 59) 1,~ 7 - tI ’l 1 308
6000 — 6500 1161 1~~17 500 61? 242

— 71100 721 -“H 3114 517 144
7300 - 7500 715 653 27? 4 15 98
7500 — 11801) 7 1 1  5I~ 210 280 66
111)1)0 — <4 5Q0 735 544 1 4 - , 1111--: 29

- ‘3000 6 1-Oi 495 108 122 23
9000 - 9,111) 315 4 113 54 32 12
‘4501 — 1(400 < 214 285 27 46 6

10000 — 10500 21 1 1112 1- 13 6
10503 - ~1’00 171 20 4 3 0
:1300 -. 11500 14 6 4 0 3
11500 - 12000 13 2 4 0
12000 .. 12500 3 0 4 0 0
i ’SOU - 13000 8 0 0 0 0
13000 - I 0I40 6 0 0 0 0
1~~500 - 1430u 6 3 0 0 0
141)30 — 14500 3 0 0 0 0
1451111 - 15000 3 0 0 0 0
15300 - 15500 3 0 0 0 0

I ~‘ r I f ’  la;’- ’  üt this spectrum includes 674 f l i ) h t s  and 800 simulated
f l i q h t  hours . Cycles counted per layer were mul t ip l ied by 1.250 to
Obta in  cycl es/ 100<) hours .

/ lin e layer 1f this spectrum includes 500 f i i <hts and 505.3 Si l- lu lated
fl~~ ht hours . Cyc les counted per layer were mult ipl ied by 1.979 to
obtain cyc l e s /1000 hours .

3 r~~~ <~
-.
~d data based on 188 fli ghts (224.2 hours); cycles counted were

multiplied by 4.460 to obtain cycles/1000 hours .

4 Measured data based on 224 flights (303.8 hous~~) ;  cycles counted were
multiplied by 3.292 to obtain cycles/b OO hours .

5 Measured data based on 233 flights (347.6 hours); cycles counted were
multip lied by 2. 8 77 to obtain cycles/b OO hours .
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TABLE B-2
STRAIN SPECTRUM AT W.S .  55.16

,Mea - ,~~rr”1 il’~’” - ,1’l • ’: 1 5 r ,11 ’ s 1 e t r u l  at  W .S. 55 .16 FSLC for fu l l — s c a l e
‘ie ld a i r c ra f t  ~~~ 1000 ~liqht hours )

EAFB MAt) 11 LiA FS
4 ltern a ‘ r<~ ~‘ r ’C~1j r ’ .j r ,lr/ Final Ful l  Field Field Field
3 ’  ~~~~

- 
,

- -~~~~ ~~1 1  2~~ile ~~~t Sca le  Test A/C A/C A/C

533 1599 4915 4943 7 7?~9
71.  73 1’ 895 7524 8434 13355

24 3 13249 5098 6 7 13 7534
/6119 3305 4592 2779

2 1.1.3 53111 21640 2150 2719 1272
536 5(,( 7 1, 1365 1807 552

.5 13< ’ 1 4923 92? 1063 305
357 . 1  1~’e5 254 566 602 199
4 ,-

~ .8 2966 339 349 175
452 . 4 565 170 213 1 204 124
5 1,4 .0 2 11< 30 5 219 151 112

37 190 143 79 66
1195 .2 140 578 116 95 98
64 . -i 6 206 112 102 46

4 55 62 13 5 32
73 ; ~. 1 6 54 62 92 37

17 49 40 66 6
833 .3 373 12 54 40 11

lOb 1911 27 36 6
.6 3 103 9 33 0

40 162 14 10 6
157 14 0 3 0

1071. 4 1 4 0 0 0
1113 .0 5 2 0 0 0

166 .7 0 0 4 0 0
1, 14 .3 2 0 0 0 0
:26 1. 9 0 0 0 0 0
13( 9 .5 3 0 0 0 0
1357 .1 0 0 0 0 0

~404 .8 0 0 0 0 0
1452 .4 3 0 0 0 0
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